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ANATOMIC VARIATIONS IN THE CORONARY 
ARTERIES 


An Arteriographic Study in Living Subjects 
by 


Lucio Di Guglielmo and Mariano Guttadauro 


Like all the arteries of the human body, the coronary arteries may 
exhibit more or less marked anatomic deviations from the normal. 

We considered it worth while to assemble the observations reported 
in the literature, and to summarize the principal types of variation in 
these arteries. It is essential for the interpretation of an arteriogram of the 
coronary arteries to be familiar with these types in order to avoid mis- 
interpretations and to attribute to these anomalies their proper significance. 

Moreover, the study of such variations in living subjects seemed to 
us to be of particular interest, since there is no doubt that, at least in 
many cases, they may have an influence on pathologic coi. litions in the 
vessels of the heart. 

An analysis of the numerous individual cases found in the literature 
showed that these variations in the coronary arteries could be classified 
as follows: (1) variations in number, (2) variations in origin, (3) variations 
in the mode of division and distribution. 

(1) Variations in number may be in the form either of a decrease or of 
an increase. In fact, in the great majority of cases, there are two coronary 
arteries, a right and a left (fig. 1). Cases have nevertheless been reported 
in which post-mortem examination has disclosed the existence of one 
coronary artery only (17, 21, 26, 8, 6 and 18). 

When only one coronary artery is present, it is possible to detect, in 
the form of a large ramification, an artery which, from its characteristics 
and territory of distribution, corresponds exactly to the missing coronary 
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394 LUCIO DI GUGLIELMO AND MARIANO GUTTADAURO 


Right Coronary Artery 
~~" A | Fig. 1 A. The right coronary 
_ J PA | artery and its branches accord- 
2 ing to Banchi's classification. 


—5 
4 3 


(A) aorta; (PA) pulmonary ar- 
tery; (1) anterior branch to 
the right atrium: (2) anterior 


% branches to the right ventricle 
+ the first gives off the right 
i conus branch (2'): (3) branch 
: to the acute margin; (4) pos- 
terior branch to the right ven- 


/ tricle: (5) posterior interventric- 


Acute Margin é ular branch; (6) posterior branch 
= | to the right atrium: (7) posterior 


branches to the left ventricle. 


A 


Left Coronary Artery 


tery and its branches according 


] 
| Fig. 1 B. The left coronary ar- 
to Banchi’s classification. 


(A) aorta: (PA) pulmonary ar- 
tery: (a) anterior interventricular 


— 


the left ventricle: (7) posterior 
branch to the left atrium. 


| 
- 
ie 
| j . . 

\ we branch: (b) circumflex branch: 
|S 4 (1) left conus branch: (2) left 
branches; (3) anterior branch 
= to the left atrium: (4) anterior 

> 

» © 2 branch to the left ventricle: 

3 - < (5) branch to the obtuse mar- 
\s gin: (6) posterior branch to 
a 


artery. In other words, a fusion of the two coronary arteries at their 
origin in a single common trunk can be confirmed (fig. 2 B). Less often, 
the missing artery cannot be discerned and its territory of distribution 
is entirely cove red by branches arising from the single existing artery (fig. 

2 A). According to Hirtl’s theory, it is pe rmissible to spe ak of a single 
coronary artery only in the latter instance. The two cases described 
by KRUMBHAAR and Exricu (17) illustrate the two tvpes of the same 
anomaly. 

The existence of a single coronary artery is rare. ROBERTS and LOUBE, 

(21) in 1947, found reports of only 31 cases, including those of their per- 


sonal experience. 
On the other hand, the presence of more than two arteries is less 
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Fig. 2. Single coronary 
artery. (Cases published 
by KRUMBHAAR and Wy 
EwRICH). 
(A) the left coronary ar- A 
tery supplies the whole 
heart: no branch with the 
pattern of the right coro- 
nary artery is visible. (B) 
the right coronary artery = 
immediately after its ori- ; 
gin from the aorta gives 
off a large ramification 
which has the pattern 
and distribution of the left 
coronary artery. this 
case there is fusion of the 
two coronary arteries in 


a single trunk arising from 


the right sinus arteriosus. Posterior Acutelright) Anterior Obtuse(/eft) Posterior 
surface margin surface Margin surface (left) 


Toy 


+44 


infrequent (2, 25, 5 and 23). SyMMERS (25), in 100 hearts examined, 
found 39 with 1 to 4 supernumerary coronary arteries. BANCHI (2) and 
(RAINICIANU (5) also remarked on the possibility of more than two coro- 
nary arteries. It is, however, evident from Banchi’s work that in such 
cases some of the normal ramifications of the coronary arteries arise 
individually from the aorta, rather than being true supernumerary 
arteries. 

SCHLESINGER (23) has also recently stressed the frequency (50 °, of 
cases) with which the right branch of the conus of the pulmonary artery 
(which normally arises from the right coronary artery) may originate 
independently from the aorta: in these cases, he refers to the conus branch 
as the third coronary artery. 

Although the variations in number, whether in the form of an increase 
or a decrease, are, as a rule, only found occasionally at autopsy, they have 
an influence on pathologic conditions in the coronary arteries. Thus, 
an artery which must alone deal with the supply to the whole heart is 
placed under a greater strain: it will therefore more easily be the site of 
arteriosclerotic lesions. The occlusion of such an artery will inevitably 
be fatal, since a collateral circulation cannot possibly be established. 
On the other hand, the opposite applies when there are more than two 
coronary arteries. The work is distributed and the compensatory capacity 
of the other coronary arteries makes the prognosis in occlusion of one of 
them far less serious. 
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Art Pulmon LS; Sin Sin Dexter 
Sin Veotr 
VCS Aorta Sin Sin ‘Sun. Dexter 


Fig. 5. Origin of one coronary artery from the pulmonary artery. Th 

genesis of the anomaly according to Wiiraric a (1) truncus arterio- 

communis: (2) normal conditions: both right and left coronary arteries 

spring off from the aorta; (3) anomalous origin of the left coronary artery 
from the pulmonary artery. 


(2) Variations in origin. The earlier problem of whether the coronary 
arteries originate above or below the internal margin of the semilunar 


aortic valve is now solved. It is established that in the great majority of 


cases (7. e., under what are regarded as normal conditions) the right ‘and 
left coronary arteries arise from the superior third of the right and left 
sinus of Valsalva, respectively (2 and 20). 

It is, however, possible, although rare, for one of the arteries to arise 
from the posterior sinus arteriosus, or for both arteries, with the orifices 
approximated, to arise from the same sinus of Valsalva (26). These con- 
ditions are usually found concurrently with other malformations of the 
heart and vessels. More frequently, it is found that one or both of the 
coronary arteries take their origin, not in the sinus arteriosus, but in the 
ascending aorta at varying levels. The extreme degree of this anomaly is 
reached in those cases in which the coronary arteries arise from the 
carotid artery on the right (10), or the subclavian artery on the left 
side. 

Numerous reports are found of cases in which a coronary artery, 
— of — from the aorta, takes its origin in the pulmonary artery 
(24, 9, 16, 11 and 28). As a rule it is then the left coronary artery whic h 
is wiht od but the right coronary artery may also exhibit this varia- 
tion. According to SoLorrF (24), both coronary arteries may simultaneously 
show this anomalous origin. In addition, an accessory coronary artery 
may arise from the pulmonary artery (24). 

Fig. 3 shows the genesis of this anomaly. The pulmonary artery and 
the aorta have their origin in the primitive arterial trunk owing to the 
formation internally of a septum. It may be recalled that the embryonic 
sprouts of the coronary arteries are located near the septum. This septum 
may not be formed in the usual position, but somewhat displaced, 
that the origin of a coronary artery is included in the pulmonary artery. 

The variations in the origin of the coronary arteries do not, as a 
rule, have any particular influence on the pathology of these vessels. 
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Only the occurrence of a coronary artery with its origin in the pulmonary 
artery is very serious, and often incompatible with life. This is because 
the venous blood from the pulmonary artery is distributed through it 
to the heart. 


(3) Variations in the mode of division and distribution are undoubtedly 
those most frequently encountered. In the great majority of cases, the 
coronary arteries subdivide in a regular manner, at least as far as the 
main branches are concerned, and with these ramifications supply well- 
defined territories. 

The right coronary artery generally follows these rules and variations 
in its subdivisions may be considered exceptional. Such variations are, 
on the other hand, particularly common in the left coronary artery; 
they have been described by several authors. 

Under normal conditions, the left coronary artery (fig. 1 B), after a 
course of about 1 em, divides into two large terminal branches. One of 
these runs in the interventricular groove towards the apex of the heart; 
it is called the anterior interventricular branch. The other passes into 
the atrioventricular groove and then up to the posterior surface of the 
heart: it is known as the circumfler branch. 

The anterior interventricular branch, conserving its individuality 
gives origin to (1) right branches, which lead into the right ventricle: 
(2) left branches, leading into the left ventricle: (3) septal branches, 
leading into the anterior portion of the interventricular septum. 

The circumflex branch, after giving rise to a slender branch directed 
to the anterior part of the left atrium and a branch to the anterior sur- 
face of the left ventricle, reaches the level of the obtuse margin of the 
heart, opens out into an important ramification which runs along the 
obtuse margin and is therefore called the branch to the obtuse margin. 
On the posterior surface of the heart the circumflex branch gives origin 
to one or more posterior ramifications to the left ventricle, to an atrial 
branch and, before reaching the region of the crux, anastomoses with 
the terminal portion of the right coronary artery. (The term ‘crux’ is 
commonly used to describe that point on the posterior surface of the heart 
at which the interventricular and interatrial grooves cross the atrioven- 
tricular groove, ¢. e., the point at which the atrium and the right ventricle, 
the atrium and the left ventricle and the interatrial and interventricular 
septa are in contact.) 

A study of the literature and our personal experience indicate the 
following classification of the variations in the left coronary artery. 
a) Variations mn division. I nerease. All those who have studied these con- 
ditions have found that between the two normal ramifications of the left 
coronary artery there may exist a third, which bisects the angle formed 
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Right Coronary Artery by the other two. BANcuI 
(2) denoted this third 
branch of the left coro- 
nary artery as the median 
branch: he reported its 
occurrence in 36 per cent 
of cases. CRAINICIANU (5), 
who called this the diag- 
onal branch, observed its 
presence in 60 per cent of 
cases. He therefore re- 
garded the division of the 
left coronary artery into 
three, and not two, bran- 
ches as normal. He also 
Left Coronary Artery stated that the left coro- 


| 


nary artery may even di- 
vide into four branches. 
b) Variations in divi- 
sion. Decrease. One of the 
two large branches (near 
ly always the circumflex 
£ branch) may be absent: 
i= in such cases the left coro- 
$ 
< 


nary artery is in the form 
of a long single trunk, giv- 
/ ing origin in various ways 


Obtuse Margin 

to the collateral branches 

which do not as a rule 
B conform to the normal 

Fig. 4. Inequality in the development of the coronary scheme. 

arteries: preponderance of the right coronary artery. 

(A) right coronary artery: (B) left coronary artery. 

Same symbols as in fig. 1. 


interventricular Groove 


c) Variations in_ the 
single branches of the lejt 
coronary artery. These are 
the variations most fre- 
quently observed, particularly in the case of the circumflex branch. 
Various authors (2, 5, 22 and 1) have attempted to divide them into 
definite groups. They may be summarized as follows. The circumflex 
branch, when it has reached the level of the obtuse margin, does not 
proceed any further but may appear to continue directly in the branch 
to the obtuse margin. Thus, the second portion, which leads to the 
posterior surface of the heart, is entirely lacking. In other cases, on the 
contrary, the circumflex branch may be fully developed and, when it 
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has reached the region of 
the crux, give rise to the 
posterior interventricular 
branch (which normally 
arises from the right coro- 
nary artery). Continuing 
still further to the atrio- 
ventricular groove, it anas- 
tomoses with the right 
coronary artery at varying 
distances from the region 
of the crux. 

Jetween these two ex- 
tremes of abnormality in 
length of the circumflex 
branch, a large range of 
intermediate possibilities 
exists. These possibilities 
assume particular impor- 
tance when their relations 
with the right coronary 
artery are considered. 
They have been studied 
in detail by numerous 
workers (1, 2, 22, and 27), 
to whom reference is di- 
rected. 

These observations 
have led tothe conception 
of the preponderance of 
one of the coronary ar- 
teries. In cases with ab- 
normal shortness of the 
circumflex branch (fig. 4) 
the right coronary artery 
is very long: it follows 


the atrioventricular groove 
ventricle and left atrium. 


Right Coronary Artery ee 


s| 
3 
le 
2 
> = 
4 2 
> 
oO Acute Margin 
A 
Left Coronary Artery 
A | 
PA b 
3~ 
] 
ym 
z / 
% Al /? 
7 Af 
3 /* 
Obtuse Margin NY / 
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Fig. 5. Inequality in the development of the coro- 
nary arteries: preponderance of the left coronary 
artery. (A) right coronary artery: (B) left coronary 
artery: from (1) to (7) the same symbols as in fig. 1: 
(8) posterior interventricular branch: (9) posterior 
branch to the right ventricle (from BANncui). 


and supplies the posterior portion of the left 
In such cases, it gives off branches which 


normally arise from the left coronary artery. On the other hand, when the 


circumflex branch is abnormally developed (fig. 5) it supplies after 
passing the crux — a large part of the right ventricle and right atrium, 


i. €., it gives rise to branches which normally arise from the right coronary 


artery. 


il 
d 
| 
), | 
yf 
| 
} 
| 
| 
— 
| 


400 LUCIO DI GUGLIELMO AND MARIANO GUTTADAURO 


Fig. 6 A. Radiologic appearance of the Fig. 6 B. Radiologic appearance of the 
contrast-filled coronary arteries. A-p view. coronary arteries filled with contrast 
All the branches observed in the various agent. Lateral view. (a) right coronary 
cases examined are assembled. (a) right artery with (a!) its second portion: (1) 
coronary artery with (a!) its second por- right conus branch: (2) anterior branch 
tion: (1) branch to the acute margin: (2) to the right ventricle: (3) branch to the 
posterior interventricular branch: (3) pos- acute margin: (4) posterior interventri- 
terior branch to the right atrium: (4) pos- cular branch: (5) posterior branches to 
terior branches to the right ventricle. (b) the left ventricle: (6) posterior branch 
left coronary artery: (5) anterior inter- to the right atrium. (b) left coronary ar- 
ventricular branch with (7 and &) left tery; (7) anterior interventricular branch, 
branches: (6) left conus branch: (9) cireum- with (9) the first left branch: (8) left 
flex branch with (9') its second portion: conus branch; (10) septal branches; (11) 
(10) anterior branch to the left atrium: circumflex branch with (11') its second 
(11) branch to the obtuse margin: (12) pos- portion: (12) anterior branch to the left 
terior branch to the left ventricle: (13) atrium: (13) branch to the obtuse margin. 


posterior branch to the left atrium. 


It is therefore possible to speak of the preponderance of one coronary 
artery when it is more developed and supplies areas which are normally 
fed by the other coronary artery. 

The conception of the preponderance of one coronary artery has a 
considerable influence on pathologic conditions in these vessels. SCHLE- 
SINGER (22) has stated that subjects with a preponderance of one coronary 
artery are more liable to suffer from arteriosclerosis, cardiac infarction 
and coronary occlusion. This is understandable in view of the fact that 
the preponderant artery, which must supply a large area of the heart, 
has a greater burden of work than normally. These lesions seem to be 
particularly common in subjects with a preponderant left coronary artery. 
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Fig. 7. Visualization of both right and left coronary arteries. A-p view. Diagnosis: 

coarctation of the aorta. (a) right coronary artery: (1) posterior interventricular branch; 

(b) left coronary artery; (2) anterior interventricular branch; (3 and 3") left branches 

and (4) right branch; (5) cireumflex branch with (5") its underdeveloped second portion; 
(6) branch to the obtuse margin. 


Moreover, when there is preponderance of one coronary artery, the 
prognosis in the case of its occlusion is very serious, since the compen- 
satory capacity of the remaining hypoplastic artery is limited. 

The variations in the minor ramifications are more numerous and more 
difficult to fit into any fixed scheme. In addition they are only occasion- 
ally visible radiologically and are therefore outside the scope of the 
present study. 

The employ ment of thoracic aortography has made possible the ra- 
diologic study of the coronary arte ries in living subjects. The first re port 
on five cases was published by JONSSON (15) in 1948. Attempts to visualize 
the coronary arteries had pre viously been made by RADNER (19) in 1945 
and by Hoyos and DEL Campo (14) in 1948. In 1950, HELMswortH, 
McGuire and FEetson (12) published the results obtained in 15 dogs and 
10 human subjects. The results were satisfactory in 5 of the latter cases, 
but 2 human subjects and 5 dogs died. The authors therefore stated that 
the technique should be used for experimental purposes only. Fairly good 
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Fig. 8. Same case as in fig. 7. 

Lateral view. Symbols as in 

preceding figure. The origin of 

the right coronary artery, lo- 

cated rather high, is clearly 
visible. 


results were obtained by BusTAMANTE (3) and his co-workers in 8 out 
of 13 cases in which aortography was performed. 

In 1952 we published a systematic study (7) of 159 aortographs and 
169 angiocardiographs. On the basis of this material we came to the con- 
clusion that thoracic aortography, if carried out with the correct techni- 
que, (a) always results in contrast-filling of the coronary arteries, and (b) 
has no harmful effects on the patient. In angiocardiography, on the other 
hand, the coronary arteries can only occasionally be seen. Even in such 
cases the visibility of these arteries extends only to the larger ramifica- 
tions; no study of the vessels of the heart is therefore possible. In this 
investigation it was moreover possible for us to establish in living sub- 
jects the radiologic patterns of the coronary arteries, examined in the 
a-p and lateral projections (fig. 6). Our studies were carried out in 11 
patients with no cardiac abnormalities. The others suffered from coarcta- 
tion of the aorta, patent ductus arteriosus or other congenital malforma- 
tions of the heart. The roentgenologic findings in the ‘normal’ cases were 
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Fig. 9. Variations in the mode of division of the 
left coronary artery. Division into three branches. 
A-p view. Diagnosis: coarctation of the aorta. 
(a) right coronary artery; (b) left coronary artery: 
(1) anterior interventricular branch; (2) super- 
numerary median branch; (3) circumflex branch; 
(4) anterior septal branches; (5) posterior branch 
to the left atrium. 


substantially similar to those observed in 
the majority of the patients. Moreover, these 
findings were nearly constant in the patients suffering from different 
heart diseases and corresponded to those described by anatomists as 
normal. For the aforementioned reasons, we have considered our observa- 
tions as the normal radiologic pattern of the coronary arteries. 

CoELHO, Fonseca, NUNES and Rocua Prnrto (4) in 1953 reported very 
similar results obtained with aortography in 6 dogs and 10 human sub- 
jects. In 4 of the latter, they obtained good contrast-filling of the coronary 
arteries. 

The scope of the present investigation was to study (a) whether in 
living subjects submitted to thoracic aortography, variations could be 
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Mig. 10. Same case as in 
fig. 9. Lateral view. Symbols 
as in preceding figure: (6) 
right conus branch. 


seen in the coronary arteries corresponding to those described by anat- 
omists and clinicians and, if so, (b) their radiologic appearances. 

Our investigations were made on material assembled at the Ist Roent- 
gen Department of Sédersjukhuset, Stockholm, between 1947 and 1953. 
The material consisted of 399 examinations on 292 patients (192 thoracic 
aortographies and 207 angiocardiographies). For details concerning the 
various techniques used, and the normal radiologic picture of the con- 
trast-filled coronary arteries, reference is made to our earlier paper (1952). 

Thoracic aortography provides the best possibilities for a study of the 
coronary arteries and their variations since, the contrast medium being 
injected only into the aorta, the vessels of the heart are clearly visualized 
without the superimposition of other structures. 

Our results may be summarized as follows: 

(1) Variations in number. Visualization of one artery only may be 
due to such factors as malposition of the catheter or considerable hy- 
pertrophy of some part of the heart, with an increased circulatory flow. 

An accurate evaluation of such factors must be made before ad- 
vancing the supposition of the existence of a single coronary artery in a 
living subject. Such a supposition is only permissible on one of the follow- 
ing grounds. From the single contrast-filled artery, a large branch is 
seen to arise: it has all the characteristics of the missing artery and extends 
over the parts normally supplied by it. Or, the single visible artery clearly 
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Fig. 11. Variations in the mode 
of division of the left coronary 
artery. Division into three 
branches. A-p view. Diagnosis: 
coarctation of the aorta. (A) aor- 
tic bulb; (DA) descending aorta: 
(a) left coronary artery: (1) an- 
terior interventricular branch: 
(2) supernumerary median 
branch: (3) circumflex branch. 


supplies in addition the whole territory normally supplied by the other 
coronary artery. In our series, we never observed such an occurrence. 

Nor was the existence of more than two coronary arteries substan- 
tiated by our arteriograms. This is in apparent disagreement with the 
relative frequency of the anomaly as noted by anatomists. It is due, in 
all probability, to the difficulty in obtaining the appropriate view which 
shows separately the supernumerary artery, the aortic bulb, and the 
origin of the other coronary arteries. 

(2) Variations in origin. In all our cases in which the origin of the 
coronary arteries could be definitely identified, it was at the site described 
as normal. Although in some cases one of the coronary arteries orig- 
inated slightly above the sinus arteriosus (fig. 8), we have never observed 
coronary arteries arising from the middle or superior third of the ascending 
aorta, or from any of its branches. Obviously, the possibility of a coronary 
artery arising from the pulmonary artery cannot be confirmed by tho- 
racic aortography. Out of the 206 angiocardiographic examinations made 
in our patients, 159 were performed with the selective method, the con- 
trast medium being injected into the right ventricle or directly into the 
pulmonary artery. In none of these cases did we observe contrast-filling 
of any coronary vessel arising from the pulmonary artery. 

(3) Variations in division and distribution. Confirming what has already 
been noted by the anatomists, the right coronary artery divided up ac- 
cording to a fairly constant pattern in our series. Thus, the radiologic 
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Fig. 12. Variations in the mode of division of 

the left coronary artery. A-p view. A long single 

trunk divides into three large branches, the cir- 

cumflex branch being apparently absent. Diag- 

nosis: coarctation of the aorta. (A) aortic bulb: 

(DA) descending aorta: (a) right coronary ar- 
tery: (b) left coronary artery. 


picture observed by us may easily be 
reduced to a single fundamental scheme 
(fig. 6). On the other hand, in our roent- 
genograms we were able to distinguish 
variations in the mode of division of the left coronary artery, either as 
an increase or a decrease. 

Out of 117 cases in which the branches of the left coronary artery were 
visible, we observed in 11 (9.4 °) the division of the left coronary artery 
into three branches. In addition to the usual anterior interventricular and 
circumflex ramifications, there was a third, entirely analogous with the 
median or diagonal branch of the anatomists. All the subjects suffered 
from coarctation of the aorta. The radiologic appearance of the super- 
numerary branch in the a-p projection is that of a long, slender ramifica- 
tion, between the two principal branches of the left coronary artery. It 
runs obliquely downwards and outwards towards the apex of the heart 
which, however, it never reaches (figs. 9 and 11); it has no minor rami- 
fication and very rarely bifurcates. 
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Fig. 13. Variations in the mode of division of the 
anterior interventricular branch, which gives 
off 3 large branches. The branch to the obtuse 
margin represents the true continuation of the 
circumflex branch. A-p view. Diagnosis: aneurysm 
of the aorta. (a) right coronary artery; (b) left 
coronary artery: (3) anterior interventricular 
branch, subdivided into three branches: (4) cir- 
cumflex branch: (5) branch to the obtuse margin. 


In the lateral projection (figs. 10 and 18) 
the median branch is placed posteriorly 
and appears to lie only slightly in front of the circumflex branch at 
the site at which the branch to the obtuse margin normally lies. This 
fact and the observation that in 9 of our patients the branch to the 
obtuse margin was missing, led us to advance the hypothesis that 
such a median branch only represents the branch to the obtuse margin 
which, starting higher up than normally, becomes separate, arising di- 
rectly from the common trunk of the left coronary artery. BANcHI (2) 
formulated a similar theory, but he attributed the median branch to the 
separation of the first left collateral branch from the anterior interven- 
tricular: we found this in only two of our patients. We observed no di- 
vision of left coronary artery into four branches. 

In four patients, also suffering from coarctation of the aorta, we noted 
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Fig. 14. Same case as in fig.! f 
Lateral view. Symbols as in yo) 
ceding figure; (6) septal branch: 


the presence on the left side of a single common trunk: the left coronary 
artery did not divide into its usual terminal ramifications but preserved 
its individuality over a fairly long course. Figs. 12 shows a case in which 
the left coronary artery, after a course of about 7 cm, gave out three or 
more great ramifications which were not entirely identifiable with the 
normal ones. On the contrary, in the other three cases, numerous slender 
ramifications arose from the common trunk, running partly to the 
anterior surface of the heart, and partly to the posterior surface. | 

It may be mentioned that in the anatomic literature, no variations of 
the left coronary artery in the form of a single trunk are described. 

As far as the two branches of the left coronary artery (anterior inter- 
ventricular and circumflex) are concerned, figs. 13 and 14 show the only 

case observed by us with any obvious anomaly of the anterior interven- 

tricular branch. This branch otherwise fairly consistently exhibits the 
characteristics described as normal. In our case, after a course of about 
two centimetres, this branch Jost its individuality and broke into three 
or more ramifications which, also dividing, formed a wide superficial 
network. 

A variation of the circumflex branch was also confirmed in the same 
patient. This is, however, a more frequent occurrence. The circumflex 
branch continued directly into the branch to the obtuse margin, whereas 
its second part, leading to the posterior surface of the heart, was entirely 
lacking. The same variation is illustrated in figs. 15 and 16. In fig. 7 a 


| | | 


| 


n fig, | 


iS in | \ 


ranch 


ANATOMIC VARIATIONS IN THE CORONARY ARTERIES 409 


Fig. 15. Variation in the mode of division of the circumflex branch: its second portion 

completely lacking and the branch to the obtuse margin the true continuation of the cir- 

cumflex branch. A-p view. Diagnosis: coarctation of the aorta. (A) aortic bulb; (DA) 

descending aorta: (a) right coronary artery; (1) anterior branch to the right ventricle: 

(b) left coronary artery: (2) anterior interventricular branch with (4) left branches: (3) 
left conus branch: (5) circumflex branch: (6) branch to the obtuse margin. 


similar case in which the second portion of the circumflex branch hardly 
begins, is described. 

These variations in the circumflex branch also led us to the aforemen- 
tioned conception of the preponderance of one coronary artery. As stated 
earlier, numerous factors of a mechanical nature or associated with cer- 
tain pathologic conditions may result in contrast-fillmg of one coronary 
artery only. Or, more frequently, they result in considerable filling of one 
coronary artery and to only partial visualization of the other, thus sug- 
gesting preponderance of the former. A study of our cases has led us to 
the conclusion that, from the radiologic point of view, it is only possible 
to speak of the preponderance of one coronary artery when such an ar- 
tery, supplying a territory larger than is usual, gives rise to branches 
which normally spring from the ‘other coronar y artery. Thus, for example, 
in fig. 17, the right coronary artery, having passed the region of the crux 
where the posterior interventricular branch breaks off, continues to run 
in the atrioventricular groove and, giving off large ramifications, both 
descending and ascending, supplies a considerable part of the left ventricle 
and left atrium. On the other hand, in figs. 18 and 19, it is the left coro- 

29540088. Acta Radiologica. Vol. 41. 
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Fig. 16. Same case as in 

fig. 15. Lateral view. Sym- 

bols as in preceding figure; 
(7) right conus branch. 


nary artery which extends downwards, reaches the region of the crux and 
gives rise to the posterior interventricular branch and to posterior 
branches to the right ventricle which normally arise from the right 


coronary artery. T hese three cases thus afford proof of preponderance of 


the right and left coronary artery, respectively. 

The difference is evident between these cases and that illustrated in 
fig. 20, in which a very large right coronary artery exists; but it gives off 
only its usual branches and, reaching the crux, turns downwards into the 
posterior interventricular groove. On the other hand, the circumflex 
branch, although slender, is normally developed. In this case one cannot 
speak of preponderance of the right coronary artery, but only of hy- 
pertrophy caused by the enormous hypertrophy of the right ventricle. 

It is difficult to obtain complete contrast-filling of the whole coronary 
circulation, the vessels in the region of the crux being those most difficult 
to visualize. Our material does not, therefore, permit a statistical anal- 
ysis of the preponderance of one coronary artery. It nevertheless appears 
to indicate that preponderance of the right coronary artery occurs more 
frequently than that of the left. This would agree with the anatomic 
findings; according to SCHLESINGER, there is a preponderance of the right 
coronary in 48 per cent of cases and of the left coronary artery in only 
18 per cent. 

Conclusions 


With increased knowledge of the physio-pathology of the coronary 
circulation, and the great improvement in the methods of examination, 
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Fig. 17. Typical example of preponderance of the right coronary artery. Lateral view. 

Diagnosis: patent ductus arteriosus. (a) right coronary artery with (a') its second portion: 

(1) branch to the acute margin with (11) a long ramification; (2) posterior interventricular 

branch: (3) posterior branches to the left ventricle; (8) right conus branch; (10) anterior 

branch to the right ventricle: (b) left coronary artery: (4) anterior interventricular branch; 

(5) first left branch; (6) circumflex branch; (7) branch to the obtuse margin: (9) left conus 
branch. 


the anatomic variations in the vessels of the heart are no longer observed 
only at autopsy. Cases of coronary malformations diagnosed in living 
subjects are now reported in the literature. 

Thoracic aortography has permitted us for the first time to make a 
morphologic study of the coronary arteries in living subjects. By exam- 
ining a considerable amount of material, we have been able to describe 
the normal radiologic appearances of the arteries of the heart. In the 
present article, particular interest is focused on the variations in the coro- 
nary arteries, and a description is given of those radiologic appearances 
which, although differing from the conditions regarded as normal, yet 
nevertheless lack any true pathologic significance. 
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Fig. 18. Preponderance of the left coronary artery and division into three branches of 

the same artery. Lateral view. Diagnosis: coarctation of the aorta. (a) right coronary 

artery: (1) right conus branch: (2) anterior branch to the right ventricle; (b) left coronary 

artery; (3) anterior interventricular branch with (4, 5 and 6) right branches, and (7 and 8) 

left branches; (9) supernumerary median branch: (10) circumflex branch; (11) anterior 

branch to the left atrium: (12) posterior branches to the left ventricle; (13) posterior 
interventricular branch. 


In this connection, we considered it useful to collate and summarize 
the principal types of variations hitherto described in the anatomic and 
cardiologic literature. We have grouped such variations according to the 
following scheme: 

(a) Increase 


1) Variations m number: 
(b) Decrease 


arteriosus 
(b) Origin in the ascending aorta 
(c) Origin in other arteries 


| (a) Anomalous position in the sinus 
2) Variations in origin: | 
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Fig. 19. Preponderance of the left coronary artery: almost all the heart is supplied from 

this artery. Lateral view. Diagnosis: normal case. (a) right coronary artery: (1) right co- 

nus branch; (b) left coronary artery: (2) anterior interventricular branch; (3) first left 

branch; (4) septal branches: (5) cireumflex branch: (6) branch to the obtuse margin; (7) 

posterior branches to the left ventricle; (8) posterior interventricular branch; (9) posterior 
branch to the right ventricle. 


a) Variations in division: increase 

(b) Variations in division: decrease 

(c) Variations in the individual 
branches of the left coronary 
artery 

(d) Preponderance of one coronary 

artery 


3) Variations in the mode of 
division and distribution: 


In 145 patients, in whom contrast-fillng of the coronary arteries 
was obtained, we found no variation in the number of the vessels of the 
heart, nor any significant variation in their origin. 

The variations most frequently enc yountered are those of the left 
coronary artery. We have been able to confirm variations in its division, 
either by increase (division into three branches) or by decrease (presence 


} 
3 
— } 
| | 
} 


414 LUCIO DI GUGLIELMO AND MARIANO GUTTADAURO 


Fig. 20. Marked hypertrophy of the right coronary artery but no preponderance. Lateral 

view. Diagnosis: interatrial septal defect — atresia of pulmonary artery. Selective angio- 

cardiography: tip of the catheter in left ventricle. (C) catheter: (a) right coronary artery: 

(1) right conus branch: (2) anterior branches to the right ventricle: (3) branch to the acute 

margin; (4) atrial branch: (5) posterior interventricular branch; (b) left coronary artery: 

(6) anterior interventricular branch with (7) left branches: (8) circumflex branch: (9) 
anterior branch to the left atrium. 


of a single trunk). Our series has provided examples of variations in 
the two large branches of the left coronary artery. These are extremely 
rare in the case of the anterior interventricular branch, but are frequently 
observed in the circumflex branch. 

The conception of the preponderance of one coronary artery may be 
confirmed in living subjects. Since, however, several sources of error 
have to be taken into account, statements of such an anomaly must 
always be made with caution. In our opinion, the preponderant devel- 
opment of a coronary artery is substantiated radiologically only when it 
is clearly evident that such an artery gives rise to one or more important 
ramifications which normally arise from the other coronary artery and 
that, in this way, it supplies a more extensive area than normally. 
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From our observations, it appears that variations in the coronary 
arteries are not particularly frequent. In the great majority of cases, the 
radiologic picture of these vessels can easily be fitted into a single funda- 
mental scheme. 

We considered the radiologic description of such variations useful on 
the following grounds. (a) Those unacquainted with them may misinterpret 
their presence. (b) There is no doubt that these variations, although not of 
themselves of any pathologic significance, are often the fundamental 
cause of pathologic conditions in the vessels of the heart. 


SUMMARY 


The authors first discuss in detail their classification of the variations in the coronary 
arteries based upon an analysis of the literature. Variations in the left coronary artery 
and the preponderance of one coronary artery are dealt with at length. An investigation 
of a material of 3599 thoracic aortographies and angiocardiographies was undertaken in 
order to obtain precise radiologic confirmation and general conclusions are presented. 
Variations in the coronary arteries do not appear to be particularly frequent but when 
present are most often encountered in the left coronary artery. 


ZUSAMMENFASSUNG 


Die Verf. diskutieren zunichst eingehend ihre Klassifikation der Variationen der 
Koronararterien, die auf einer Analyse der Literatur basiert ist. Die Variationen der lin- 
ken Koronararterie und das Uberwiegen einer Koronararterie werden ausfiihrlich be- 
sprochen. Um genaue radiologische Belege zu erhalten, wurde ein Material von 399 thora- 
kalen Aortographien und Angiokardiographien untersucht. Allgemeine Schlussfolgerungen 
werden vorgelegt. Variationen der Koronararterien scheinen nicht besonders haufig zu 
sein: wenn sie jedoch vorkommen, trifft man sie am haufigsten in der linken Koronar- 


RESUME 


Les auteurs exposent en détail leur classification des variations des artéres coronaires 
basée sur une étude analytique de la littérature. Ils traitent longuement des variations de 
l’artére coronaire gauche et de la prépondérance d'une artére coronaire. Ils présentent 
les recherches qu’ils ont entreprises sur un matériel de 399 aortographies thoraciques et 
angiocardiographies pour en dégager une confirmation radiologique précise et en tirent 


arterie. 


des conclusions générales. 
Les variations des artéres coronaires ne semblent pas particuli¢érement fréquentes, 
mais, quand elles existent, si¢gent le plus souvent sur l'artére coronaire gauche. 
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OF BRIRUT, LEBANON 


CLEIDOCRANIAL DYSOSTOSIS WITH 
OSTEOPETROSIS 
by 


L. Giaccai, Maria Salaam and H. Zellweger 


The original concept of cleidocranial dysostosis as an entity due to 
an inborn defect in the ossification of the clavicle and the skull has been 
gradually modified. Further observations have revealed that many other 
bones of the body, both cartilaginous and membranous, are frequently 
involved. In addition, abnormalities of the formation and number of 
teeth may be found in this occasionally hereditary, occasionally isolated, 
condition. The clinical findings, hereditary features and other aspects 
have been discussed in detail many times (1, 4, 6, 11). 

The purpose of this communication is to present an unusual case 
combining in one picture three seemingly unrelated conditions, namely 
cleidocranial dysostosis, osteopetrosis and mental deficienc y. 


N. A. (71263) a 28-year-old Arab of somewhat grotesque appearance, was admitted 
to the hospital with a fracture of the left femur. He was brought from a hospital for 
mental diseases where he was diagnosed as 
mentally defective with psychotic features of 
indefinite character. One day prior to admis- 
sion he sustained a trivial injury which re- 
sulted in a fracture of the left femur. Since 
childhood he had had repeated fractures of 
different bones. 

The past history revealed a retardation in 
physical and mental development. He started 
to walk and talk at the age of four years. At 
approximately the same time his first tooth 
erupted; thereafter his teeth were few and poor 
in quality. 

He received primary education but had to 
eave school at the age of twelve, because of Fig. 1. Cleft palate and supernumerary 
progressive changes in his behaviour, which was teeth. 
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Fig.t%2. Pronounced widening of the cranial Fig. 3. Disproportion between the cra- 
sutures. Wormian bones are seen within the — nial cavity and the hypoplastic facial 
lambdoid suture. Condensation of the skull area. The paranasal sinuses are poorly 
base and maxillary bones and, to a lesser developed. 


extent, of the calvaria. The parietalia have a 
scaly structure. 


Fig. 4. Defective development of both clavicles. 


becoming aggressive and unpredictable. He worked as a labourer for a while. However, 
his mental’ condition deteriorated to such an extent that he was sent to a hospital for 
mental diseases where he remained for eight months prior to being transferred to us. 
During that time he became more aggressive and had ill-defined auditory hallu- 
cinations. 

Family History: Both parents and his two younger brothers were alive and well. 
The history was given by the father because the patient himself was stuporous, confused 
and un-cooperative. It was evident that the father was also mentaily deficient; in ad- 
dition he had defective dentition and a few lacunae in the skull as shown by radio- 
graphy. Both brothers suffered from poor memory and the younger one had generalized 
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Fig. 5. Multiple fractures of the ribs. 


osteopetrosis. Both the father and the younger brother were of short stature and had 
peculiar facial expressions. There was mental deficiency in the maternal uncle and in 
one distant relative. 


Physical examination: A young Arab of peculiar facies and short slender stature 
with a brachycephalic head and bowed legs. He was antagonistic and mentally confused. 

Cranial circumference: 52.5 ecm; the fontanels and sutures (coronal, sagittal and 
lambdoidal) were widely opened, the lamboid suture measuring more than 1 cm. The face 
was small due to bony under-development. There was a fissure of the soft palate, pro- 
nounced deformity of the gums and irregular dentition (Fig. 1). Many teeth were missing, 
some were decayed. The lateral end of each clavicle was absent and he could approximate 
his shoulders to a slightly greater degree than normally expected. The upper and the lower 
extremities were stunted, the hands spade-shaped with square fingers and short distal 
phalanges. There was pronounced bilateral femoral bowing and a fracture of the left femur. 

No other abnormality noted; no evidence of hepatosplenomegaly or enlargement 
of lymph nodes. 

Lab. Data: Routine tests of the blood, urine and stool as well as serum calcium, 
phosphorus, alkaline phosphatase, total protein and urea nitrogen all gave normal 
results. The glucose in the blood measured 129 mg per cent; the chlorides 560 mg per cent, 
and the cholesterol, 141 mg per cent. 


Roentgenologic Findings: Skull (Figs. 2, 3): All the cranial sutures are widened, 
especially the lambdoid suture which is from 2 to 3 em wide. Numerous wormian bones 
lie free within the gaping lambdoid suture. The bones of the calvarium are thin, and their 
density is diffusely increased: in the parietalia the bony texture has a scaly appearance. 
The base of the skull and the maxillary bones are condensed and all the paranasal sinuses 
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Fig. 6. Reel-shaped vertebral Fig. 7. Diffuse sclerosis of the femur with 
bodies with condensation of marked deformity and transverse frac- 
the epiphyseal plates. tures. 


are poorly developed. The sella turcica is larger than normal, deep and quadrangular 
in shape. The facial area is disproportionately small in comparison with the cranial cavity. 
The mandible is small and receding. The eruption of the permanent teeth is delayed and 
many of the deciduous teeth are still present. Most of the permanent and the deciduous 
teeth have faulty implantation. The shoulder girdle (Fig. 4) on both sides shows a gap 
of about 2 cm between the lateral end of the clavicle and the acromion. 

The ribs (Fig. 5) shows uniformly increased density; at the posterior ends of the tenth 
and eleventh left ribs there are fractures with advanced callus formation. 

The vertebral bedies (Fig. 6) of the thoracic and lumbar spines are reel-shaped with 
a deep notch on their ventral aspect and with a prominent, wide vascular canal. The 
epiphyseal plates are moderately and uniformly condensed. The upper half of each 
femur is bow-shaped (Fig. 7) almost semicircular, and shows several partially united linear 
fractures of the convexity. In the middle of the shaft of the left femur there is a com- 
plete transverse fracture. The density of the bone is greatly increased. The bones of 
the hands (Fig. 8) are short and tubular with a rather thick cortex. The terminal 
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Fig. 8. Hand with stumpy and fragmented distal phalanges. 


phalanges of the thumb and index finger are short and show fragmentation of their 
distal extremities. 


The case shows the following changes typical of cleidocranial dysostosis: 
defective ossification of the cranial plates with persistence of wide mem- 
branous gaps at the site of the sutures and numerous wormian bones, 
dental abnormalities with persistence of the deciduous dentition, develop- 
mental defect of the clavicles, dysplasia of the phalangeal bones, and 
hypoplasia of the maxilla and mandible. 

On the other hand, another group of findings are characteristic of 
osteopetrosis: systemic bone sclerosis; brittle bones with multiple trans- 
verse fractures: spool-shaped vertebral bodies with condensed epiphyseal 
plates and persistence of wide vascular channels; aplasia of the paranasal 
sinuses and the mastoids. 

On the whole, however, the characteristic changes of cleidocranial 
dysostosis greatly predominate over those of osteopetrosis. In addition 
severe mental deficiency with psychotic features was found. 
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Discussion 


Though no special attention has been paid so far to the association 
of bony sclerosis with cleidocranial dysostosis, the present case is not 
the first reported to show such a combination. On reviewing the de- 
scription of cases of both cleidocranial dysostosis and osteopetrosis re- 
ported in the literature, several instances were found in which the signs 
of the two conditions co-existed either with the characteristics of cleido- 
cranial dysostosis predominating over those of bone sclerosis or vice versa. 

Two cases reported by G. THOMSEN (12) bear a very close resemblance 
to the present one. The authors advance the possibility that osteo- 
sclerosis represents a rare complication of cleidocranial dysostosis. 

SJ6LIN (10) in 1951 reported a case of a 10-year-old boy showing 
defective ossification of the cranial plates, numerous wormian bones, 
small facial bones, short phalanges and stunted growth combined with 
pronounced diffuse osteosclerosis. A 5-month-old sister showed similar 
skeletal changes. The case was regarded as a forme fruste of gargoylism, 
but in our view ought to be regarded as a case of cleidocranial dysostosis 
with associated osteosclerosis. 

Another case with a diffuse osteosclerosis dysplasia of the distal 
phalanges and cranial changes similar to ours was reported by SEIGMAN 
and KiILBy in 1950 (9). 

In addition to the above observations, other cases of cleidocranial 
dysostosis with condensation of the cranial bones have been reported; 
such as those of Scurnz (8), ELrorn (3), jand DELON and N&GRE (2) 
all of which had condensation of the temporal bones. 

The number of observations of patients with combined signs of 
cleidocranial dysostosis and diffuse osteosclerosis is small but taking into 
account the rarity of both diseases, even a few cases may be of some 
significance. 

A combination of cleidocranial dysostosis with disturbance of the 
nervous system in the same patient has been seen occasionally (7). 
Epilepsy occurs more frequently in cleidocranial dysostosis (1.8 %%) 
than in the average population (0.26 °) (5) whereas the occurrence 
of mental retardation although somewhat more frequent than in normal 
people, does not exceed the limit of statistical error. 

From the analysis of the present observation and of similar cases 
reported in the literature it would appear that a connection more than 
fortuitous exists between cleidocranial dysostosis and diffuse osteosclerosis 
or, at least, that there is an osteosclerotic type of cleidocranial dysostosis 
which so far has not been described. We favor the first hypothesis since 
in the present case the brother of the patient showed evidence of osteo- 
sclerosis without any sign of cleidocranial dysostosis. 
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The etiology of both cleidocranial dysostosis and osteopetrosis 1s 
unknown. There is good evidence, however, that the cause of both defects 
lies in an early developmental aberration of the mesenchyma, beginning 
in the first weeks of embryonal life. Congenital abnormalities of the 
skeleton are often found associated with a great variety of combinations 
resulting from different and multiple ways in which the same unknown 
hereditary or acquired factor may affect the bone-forming blastema. The 
hypothesis seems justified that in the present case, as in the other 
reported observations, cleidocranial dysostosis and osteosclerosis may 
be due to a common etiologic factor responsible for a two-directional 
derangement in the developmental process of the mesenchyma. 


SUMMARY 


A case is presented in which cleidocranial dysostosis occurred in combination with 
osteopetrosis and mental retardation. No other case of cleidocranial dysostosis existed 
in the family, but there were signs of osteopetrosis in one brother and of mental retarda- 
tion in several members of the family. 


ZUSAMMENFASSUNG 


Ein Fall mit kleidokranialer Dysostose, kombiniert mit Osteopetrose und Schwach- 
sinn wird beschrieben. Es gab in der Familie keine weiteren Mitglieder mit kleidokranialer 
Dysostose; dagegen hatte ein Bruder Anzeichen der Osteopetrose und mehrere Familien- 
mitglieder waren schwachsinnig. 


RESUME 


Les auteurs présentent un cas ot une dysostose cléido-cranienne était associée & une 
ostéopétrose et A une arriération mentale. II n'y avait pas d’autre cas de dysostose cléido- 
cranienne dans la famille, mais un frére présentait des signes d’ostéopétrose et plusieurs 
membres de la famille présentaient des signes d’arriération mentale. 
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FROM THE CENTRAL ROENTGEN DEPARTMENT (DIRECTOR: NILS WESTERMARK), 
ST. GORANS SJUKHUS, STOCKHOLM, SWEDEN 


SIMULTANEOUS TELEFILM PLANIGRAPHY 


A Preliminary Report 
by 


Vida r Ba chlu n d 


In 1931 ZiEDSES DES PLANTEs produced one of the first apparatuses 
of real practical value for carrying out layer radiography. This he called 
the planigraph, and the method, planigraphy. In 1933 he published the 
theory of obtaining simultaneous pictures of several layers. In 1947 and 
in 1949 pe ABreu and Watson, respectively, published the — of 
investigations into this method. They managed to produce 3—6 layer 
pictures simultaneously of relatively thin objects. Lopin (1953), how- 
ever, writes: “It is still necessary to make an exposure for each tomo- 
gram.” ... “the method (simultaneous multisection radiography) is still 
unsatisfactory in lung tomography” 

The greatest disadvantages of the conventional method are that the 
examination takes a long time, is rather complicated and the patients 
are exposed to large skin doses of radiation during an examination. 

Investigations into the possibilities of reducing these inconveniences 
have been proceeding for a considerable time in our roentgen depart- 
ment. Some of the results may now be mentioned. 

An indispensable condition for good planigraphic films is that the 
scattered rays should be eliminated as far as is possible without weaken- 
ing the primary radiation too much. By this means, reduced irradiation 
of the patient will be attained. Our method of reduction of the scattered 
radiation is based on a method introduced by LAURELL in 1933, although, 
it would seem, not employed to any great extent. We have used the 
method in our department principally in examining the cervical spine, 
thyroid gland, and, to some extent, the lungs. 

Read at a meeting of the Swedish Society of Medical Radiology, May 13, 1953: 
submitted for publication, Aug. 27, 1953. 
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Fig. 1. Telefilm planigraph. a. Surface of the table with scale of 
measurements. b. Position changer at exposure of series. c. Cassette 
rails 15 em below the table surface. d. Depth-measuring equipment. 


The more important experiences gained from using the method were: 
A good secondary radiation elimination effect was obtained if the film 
was placed at some distance from the object and no fixed or movable 
grids employed. In order to obtain, on the one hand, sufficient sharpness 
and, on the other, the least possible amount of scattered radiation on 
the film, a distance of 15 cm between the film and the object was found 
to be suitable. If the film—object distance was reduced to less than 15 
em except in the examination of objects of very fine texture a 
disturbing effect of scattered radiation was generally obtained: if the 
distance was increased, distinct unsharpness occurred. It is also neces- 
sary, in order to retain sharpness, to adapt the focus—film distance and 
the focus size to this object—film distance. For a focus—film distance of 
200—150 cm, a focus size of 2 x 2 mm will suffice. For a distance of 
150—90 em, a focus size of 1 x 1 mm is required, and below this dis- 
tance, a focus size of 0.3 x 0.3 mm is necessary. These experiments 
have also shown the importance of selecting the size of the primary 
diaphragm correctly. This requirement of the primary diaphragm in- 
creases with the density of the object and thus with an increased forma- 
tion of scattered radiation. In the examination of coarse and dense 
objects, only small areas, down to 100—150 cm?, can be covered. The 
greatest advantage in the use of this technique, which we have called 
the telefilm technique, is, however, the fact that the load on the roentgen 
apparatus and tube is considerably reduced. 
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Fie. 2. 24 « 30 em cassette in the cassette holder. 


In vertebral planigraphy the greatest disadvantage of the standard 
technique of a single planigram per exposure with a Bucky grid, is the 
large skin ian of radiation received by the patient, espec ially for the 
adequate penetration of the L5—SI region. If WErINBREN’s method is 
used, the patient receives 720 r, but only 140—-180 r when our original 
method is employed. From a practical point of view, other disadvantages 
are that a double-focus 40 kW rotating anode roentgen tube, rated 
with a maximum tension of 125 kV on the broad (2 x 2 mm) focus and 
equipped with oil cooling as well as an extra blower, is loaded almost 
to its maximum capacity by a series of examinations, in course of which, 
long pauses are required in order to allow the tube to cool. The patient 
has to pass 30—90 minutes on the table, rigidly fixed to it. The examina- 
tion means hard work for the examiner and his assistant, a great strain 
on the apparatus and tube, and both dangerous and tiring to the patient. 

The investigations were carried out with Siemen’s Universal Plani- 
graph and a 6 valve apparatus of an older type equipped with a double- 
focus Machlett tube of the above-mentioned characteristics. The smaller 
focus of | = 1 mm was used in the examination of lungs and other 
objects of a fine texture. The focal distance with the tube at right angles 
to the table was 137 cm. Because of the long focal distance, an attempt 
was made to determine whether the tele-film technique might not be 
serviceable in planigraphy. In 1952 Beck proved that it was possible 
to carry out planigraphy with a fine focus tube of 0.3 = 0.3 mm, using 
a primary enlargement of the picture ad modum VAN DER PLAAtTs. This 
technique, however, has the great disadvantage that sufficient sharpness 
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3. The serial changer with 20 « 40 em cassette. 


is only obtainable in a small area around the centre of the field: further- 
more, as a fine focus will bear but relatively light loading, only thin 
organs of a texture producing very little scattered radiation can be 
examined. LAURELL’s technique, however, which is closely related to 
that of VAN DER PLAATs, attaches less importance to picture enlarge- 
ment than to the examination of the secondary radiation, and employs 
larger foci of consequently greater capacity: a greater focus— film distance 
in relation to the object—film 
7 may also be employed. The 
in such a way that the Bucky 
diaphragm was removed and 
the plane of the picture fixed 
at a distance of 15 cm beyond 
the surface of the table. The 
fluoroscopic screen was re- 
tained and a new, corrected 
scale for measurements of 
depths was adopted (Fig. 1). 
The cassette holder was de- 
signed to be as simple as pos- 
sible, with an elastic attach- 
ment for the cassette, the size 
of which is 24 « 30cm (Fig. 2). 
A simple serial changer allows a series of four pictures 10 ~ 20 em on 
one 20 « 40 cm film to be taken (Fig. 3). 


Fig. 4. The ‘simultaneous cassette’ is slid into 


place in the cassette carrier. 
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Diagram 1. The tube moves from F, to F, with O as axis. The cassette takes a cor- 

responding course from AB to A,B). 
Representations of the points P and O at both the extreme positions of tube and cas- 
sette fall at the points P,O, and P,O,. which will be immobile during the whole move- 
ment, and remain sharp: this is also true of all points at the level of the pivot. The repre- 
sentation of point Q will fall at Q, and Q, respectively, because its position is not at 
the level of the pivot, and the points Q, and Q, are in different positions on the cas- 
sette: it thus moves and is blurred. A cassette, CD — C,D, containing a film at the level 
corresponding to that of Q, will produce sharp representations at Q, and Q,. immobile 
during the entire movement. Point R, also situated at the same level as Q, is sharply 
reproduced in CD — C,D, although indistinctly in AB — A,B,. P and O will, on the 
contrary, be indistinct at this level. 


It was found that the exposure factors could be considerably reduced 
by these means, viz. to 35—45 r or 4—6 r for each exposure for an 
adequate penetration of the lumbo-sacral region, and that the quality 
of the films improved. A series of pictures could be taken in quicker 
succession, and the risk of overloading the tube was avoided. The ex- 
amination now took 20—40 minutes, but the skin dose was still too great 
and, in addition, difficulties arose, especially in planigraphy of the lungs 
and the contrast-filled gall bladder, in obtaining a constant phase of 
breathing during the different sections: consequently, these latter could 
not be relied upon as being in accordance with the theoretical calcula- 
tions. On the other hand, the inconvenience of examining serial films 
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Diagram 2. In the sketch the proportions cor- 
respond with those of the planigraph. The tube 
moves from F, to F;. The object lies at the 
{ levels S,. Ss. Sy. Three films are placed in the 
he : special cassette which moves from A,B, to AB 
MO > Five at the picture levels BS, etc. The representations 
{ : of the points of object (marked in the diagram) 


remained unchanged on their corresponding pic- 
\- ture levels during the entire movement: three 
‘ layers are thus taken in one exposure. 


of small size was avoided as the important part of the object was ad- 
justed for planigraphic analysis by preliminary fluoroscopy and ordinary 
radiography. 

The next step was to adapt ZieDSES DES PLANTES’ simultaneous 
planigraphy and combine it with the telefilm technique. The greatest 
obstacle in the use of the simultaneous exposure, as | call it in short, 
is that it places such a load on the tube and apparatus that the densest 
parts of the human body are beyond the capacity of the usual roentgen 
plant. However, by combining these two principles, I brought the 
lumbo-sacral area back within the scope of such apparatus: 470 mAs 
and 120 kV are the maximum values which have been used up to date. 

Diagrams (1 and 2) show the theoretical basis of the practicability 
of a simultaneous exposure. A ‘simultaneous cassette’ has been con- 
structed on these principles (Fig. 4). In order to obtain an even exposure 
without light from the intensifying screens blackening the next film 
layer, sheets of balsa wood (pE ABREU), which allow the passage of 
roentgen rays but no visible light, were placed between the intensifying 
screens: these latter varied in speed, the speed increasing with the 
distance of the screens from the focus. The balsa sheets fix the distances 
between the films and thus also the distance between the sections in the 
object. For practical reasons -the writer chose an object layer distance 
of 5 mm, which meant a distance of about 7—8 mm between the films 
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Fig. 5. Example of simultaneous telefilm technique. 9 aged 40; lumbar region, lateral 
view. The-spondylitis L5—S1. Top left: Ordinary radiogram. Remaining 7: Simultaneous 
teleplanigrams. Destructions marked by arrows. 


in the cassette. The three different types of intensifying screens which 
are now obtainable, were combined in a way that seven picture-layers 
were obtained the middle one of which, number 4, was placed at a level 
corresponding to that of the pivot plane, with three films behind and 
three films in front. With our present method, film number 4 lies 152 em 
from the focus in the middle position of the tube. 

In addition to a progressively increasing speed of the intensifying 
screens, another factor in the production of a comparable degree of 
blackening in all the films must also be considered: the degree of ab- 
sorption of radiation by the screens. This varies directly with their 
speed. Fairly hard radiation is necessary to pass through the whole 
cassette to obtain an adequate exposure of the last film. The writer 
found that 70 kV was the critical limit; the mAs had always to be ad- 
justed so that the kilovoltage was above 70. 

Owing to the fact that the faster the screen, the coarser the grain, 
the film the most distant from the object proved to be more indistinct, 
although this was not found to be of decisive importance. Fast films 
and a suitable deve loper should be used. I prefer Ilford Red Seal roentgen 
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Fig. 6. 3 aged 32. Infiltration in the right lung. Previous cavity, now presumed healed. 
Top left: Ordinary radiogram: Remaining 7: Simultaneous planigrams with telefilm 
technique: Large cavity persists. 


film and Gevaert G 230 developer. The picture result has been sur- 
prisingly good, and, on the whole, a satisfactory base for clinical use 
obtained. Seven pictures of the lumbo-sacral region produce an irradia- 
tion dose of 12—14 r upon the skin and only in exceptional cases of 
muscular male subjects with coarse and large vertebrae is a dose of 
25—-30 r reached with the fourteen pictures necessary. Further im- 
provements are conceivable. Work is being continued on the problems 
of eliminating the scattered radiation arising from the intensifying 
screens within the cassette and the indistinctness of the pictures due 
to aberration of the rays in the screens and film layers during the move- 
ment of the tube. 

The advantages of planigraphy with telefilm technique and simul- 
taneous exposure are obvious: Considerably reduced skin doses to the 
patients, rapid examinations, many layers during the same phase of 
breathing, and only a few exposures, after the routine of the adjust- 
ments and radiographic factors has been mastered. One exposure will, 
as a rule, be sufficient for the gall bladder, kidneys, suprarenals, larynx, 
eyes, shoulders, hips and spinal regions. One or two for the lumbo-sacral 
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region, sacro-ilical joints, knee-joints and skull. Two or three for the 
heart, a-p views of the upper parts of the lungs and lateral views of 
the pancreas; three or four exposures for sagittal sections of the lungs 
and a-p sections of the pulmonary bases. As regards the lungs, one 
a-p and one sagittal series will be sufficient as controls for a previous 
examination, and will hardly take much longer time than the usual 
routine films. 

The disadvantages are that sections with 5 mm layer distances at 
higher levels than 22 cm from the table are not obtainable as the degree 
of enlargement will be too pronounced. No indication has as yet been 
encountered for carrying out planigraphy at such levels. Another dis- 
advantages is the small size of the picture (13 « 18 em) which must 
be used. No difficulties in attaining the desired result with this size 
have, however, arisen. 


SUMMARY 


The author describes a combination of a method of eliminating scattered radiation 
telefilm technique, described by LAuRELL, and a modification of the method of simul- 
taneous multisection radiography described by ZreDsEs DES PLANTES, by DE ABREU 
and by Watson. This method — ‘Simultaneous telefilm planigraphy’ — has been used 
for a time in the daily routine of planigraphy and has shown itself to be suitable for 
use in a fairly large roentgen department. Among the advantages of the method, is the 
considerable reduction in the skin dose of radiation received by the patient. 


ZUSAMMENFASSUNG 


Der Verf. beschreibt eine Kombination einer Methode zur Eliminierung von Streu- 
strahlung — Telefilmtechnik, die von LAURELL beschrieben worden ist, sowie eine Modi- 
fikation der Methode fiir gleichzeitige Vielschnittradiographie, die voN ZIEDSES DES 
PLANTES, DE ABREU und Watson beschrieben worden ist. Diese Methode — «Simultane 
Telefilmplanigraphie» — ist einige Zeit in der tiglichen Planigraphieroutine benutzt 
worden; sie hat sich in einer ziemlich grossen Réntgenabteilung als geeignet erwiesen. 
Einer der Vorteile der Methode ist die erhebliche Verminderung der Strahlendosis auf 
der Haut des Patienten. 


RESUME 


L’auteur présente une combinaison d'une méthode d’élimination du rayonnement 
secondaire —la technique téléfilm, décrite par LAURELL, et d’une modification de la tomo- 
graphie multiple simultanée décrite par ZIEDSES DES PLANTES, par DE ABREU et par 
Watson. Cette méthode, «la tomographie téléfilm simultanée», a été utilisée pendant 
un certain temps dans la pratique quotidienne de la tomographie et s‘est montrée ap- 
plicable dans un service de radiologie assez important. Parmi les avantages de cette 
méthode figure la considérable réduction de la dose de rayonnement recue & la peau par 
le malade. 
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FROM THE DEPARTMENT OF RADIOLOGY (DIRECTOR: PROFESSOR S. TAKAHASHI), 
UNIVERSITY HOSPITAL, HIROSAKI, JAPAN 


SOLIDOGRAPHY OF THE HEART 
by 


Shinji Takahashi and Tatsuyo Shinozaki 


A device for moulding the heart by roentgenographic procedure was 
invented and described twenty-four years ago by Professor PALMIERI in 
this journal (1). After some time, however, probably due to the compli- 
cated nature of the procedure in practice, it appears to have fallen into 
disuse. Nevertheless, the moulding of organs of the body may be of clini- 
cal value. We have recently evolved an improved procedure. We have 
called this new method Solidography (2, 3). 


Roentgenography 


The construction of the Solidograph is the same as the one employed 
by VALLEBONA (5) and in our rotatory cross-section radiograph (4). 
The tube focus and rotation axes of two rotation tables are ae 
so as to be situated in a vertical plane. The patient stands on table ‘A 
nearer to the tube, while a cassette box is placed on table “B’ which is 
further away from the tube (Fig. 1). The distance between the focus and 
the rotation table ‘A’ is 104 cm, and between the focus and rotation 
table ‘B’, 151 cm. The roentgen tube is centred so that the central ray 
is inclined approximately 30° to the film placed horizontally in the 
cassette box. The 10 kW roentgen tube (effective focal size 5 » 5 mm) 
is cooled with running water at the rate of 1 litre per minute. The length, 
breadth and height of the cassette box are 25.4 cm, 30.4 cm, and 86.4 
cm, respectively. Nineteen flat wooden frames of 1 cm section were 
constructed to fit closely to the inside of the box. They were divided into 
two groups of nine and ten. In addition, a regular hexahydron (25.4 

30.4 < 41.0 em) was made up of similar material. 

A frame was first placed at the bottom of the box and upon it a roent- 
gen film (Kodak No-Screen Medical X-ray Film) of the same size as 

Paper read at the Seventh International Congress of Radiology, Copenhagen 1953; 
submitted for publication, Sept. 7, 1953. 
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the frame was laid. The remaining nine frames and films were loaded 
into the box one by one. The hexahydron was then placed directly 
on the top of these and followed by the remaining frames with their 
films. A lid was placed on the box in order to render it light-tight. This 
is the inner box. 

A further and outer box serves as a protector. The lower and upper 
parts of the side walls of this box are covered with lead measuring 27 » 32 


Fig. 1. Solidograph in action. Fig. 2. Cassette box. 
R: Roentgen tube. S, and §,: Slits. Left: Hexahydron. Centre: Flat frames in the 
T A: Rotation table ‘A’. BC: Cas- inner box. Right: Outer box. 


sette box. TB: Rotation table ‘B’. 


em (Figs. 1 and 2). At the upper edge of the lead in the lower part isa 
trap with clasp to catch and support the bottom of the inner box. When 
the table has rotated through 360°, the trap disengages from gear auto- 
matically and the inner box drops to the bottom. As a result of this the 
series of films under the hexahydron become shielded by the lower lead 
plate of the outside box, and the other film series on the hexahydron 
come into position for exposure. Due to the change of position of the 
film series, the image of the cross-section of the heart on the lowest film 
of the upper group represents a position 0.7 cm higher than the one of 
the heart projected on the uppermost film of the lower group. 

In order to explain the procedure in detail, an actual examination will 
be described. The subject was made to stand on the rotation table, the 
central beam being centred over the heart and was rotated. At the same 
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time, an exposure (85 kV, 45 mA and 6 seconds) was made. When the 
rotation table had passed through 360° the trap became disconnected 
and the inner box fell. The upper film group was then given an exposure 
of 6 seconds at 75 kV and 40 mA during a further rotation through 360°. 

In the nineteen roentgenograms thus obtained the cross-section of 
the heart was projected in 7 mm layers (Fig. 3). The films placed in the 
upper part of the two groups showed good contrast and detail, but those 
in the lower part of the two groups were, however, not so satisfactory 


Fig. 3. Cross-section radiograms. Longitudinal 
and horizontal standard lines traced (x !/,9). 


This was caused from their under-exposure owing to the absorption of 
radiation by the upper films in the group. The contour of the heart, great 
vessels, aorta, trachea and bronchi were, however, well shown. 


Moulding} 


From these roentgenograms we constructed a plastic figure of the 
heart in the following manner. Upon each film two straight lines, the 
longitudinal and the horizontal standard lines, meeting at right angles 
at the centre of the film, were drawn (Fig. 3). The roentgen image was 
then photographically reduced in the ratio of the focus-rotation table 
‘A’ distance to the focus-rotation table ‘B’ distance: a 1/1 size representa- 
tion of the cross-section of the heart was thus obtained. The contour 
of the heart on this roentgenogram was accurately outlined with a thin 
lead band 7 mm wide and 0.1 mm thick. The frame formed by the band 
was transferred to the surface of a glass plate, care being taken that its 
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shape was not altered during its movement. Plaster was then poured into 
the frame and when set formed a plate 7 mm thick. The surface of the 
plate was marked with the longitudinal and horizontal standard lines 
of the roentgenogram. 

The plaster plates thus obtained were placed upon one another so 
that the longitudinal and horizontal standard lines of each film lay 
in two vertical planes intersecting at right angles. The figure thus obtained 


Fig. 4. Centre: Moulded heart. Right: A mirror 
shows the posterior aspect ( >» 1/.). Left: Normal 
roentgenogram of heart !/19). 


presented an irregular surface. While the bottom contour of each plaster 
plate represented the real shape of the heart in cross-section, the upper 
contour did not conform to the corresponding part of the heart. 

In order to obtain a true figure, the excessive projection of the top 
part of each plaster plate, which belonged to the upper group (in which 
the transverse diameter of the various plates decreased upwards) had 
to be removed. In the lower group, however, (where the diameter de- 
creased downwards) the defect on the top of the plates had to be filled 
up with plaster. After the removal of these small irregularities, which 
in practice was not difficult, the true smooth contour of the heart was 
obtained (Fig. 4). 


Discussion 


The principle of this procedure is based on the theoretical considera- 
tion (3) that a three dimensional image is produced on the rotation 
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table ‘B’ similar to the actual body on the rotation table ‘A’. As three 
dimensional photosensitive film blocks are not as yet available, we use 
stacked films for the roentgenography of the image. As was proved 
geometrically (3), only the cross-section of the body parallel to the film 
is depicted on the roentgenogram. The roentgen image is, however, en- 
larged “| . times when ‘a’ is the focus-rotation table ‘A’ distance and 
a 

‘b’ is the distance between the two rotation tables ‘A’ and ‘B’. 

In this roentgenographic procedure we use nineteen films in two series 
in order to obtain roentgen films of good contrast. There is no necessity 
for this, if the patient is a child and has a small heart. 

This new method has advantages over the old in that. (1) The radio- 
graphic procedure is carried out with one exposure during a single short 
period. (2) As there is no distortion the representation of the heart is 
a replica of the true shape. The superior mediastinum, for instance, is 
moulded not as a column, but as a triangular pillar, which is its actual 
form. (3) The delicate and complicated structure or construction is 
expressed in detail. (4) The moulding procedure is simple. 


(A solidogram of the heart was exhibited in the Scientific Exhibition of the 
Seventh International Congress of Radiology.) 


SUMMARY 


A method of moulding the heart by means of a stratographic or rotatory cross- 
section radiographic procedure is described. The procedure is simple and the results 
appear to be of considerable value. 


ZUSAMMENFASSUNG 


Eine Methode, dass Herz mit Hilfe einer stratographischen oder rotatorischen radio- 
graphischen Querschnittsprozedur zu modellieren, wird beschrieben. Das Verfahren ist 
einfach und die Ergebnisse scheinen von betrichtlichem Wert zu sein. 


RESUME 


Les auteurs décrivent une méthode de faire un modéle du coeur grace 4 une techni- 
que tomographique ou stratigraphique axiale transverse. Cette technique est simple et 
ses résultats paraissent d’un grand intérét. 
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FROM THE MEDICAL AND ROENTGENDIAGNOSTIC DEPARTMENTS OF THE PEDIATRIC 
CLINIC AND THE CENTRAL ROENTGENDIAGNOSTIC DEPARTMENT OF KAROLINSKA 
SJUKHUSET, STOCKHOLM, SWEDEN 


VARIATIONS IN HEART VOLUME IN NORMAL 
CHILDREN OF SCHOOL AGE 


by 


S. R. Kjellberg, J. Lind, H. Lénroth and U. Rudhe 


Details concerning variations in heart volume have been published, 
among others, by LILJEsTRAND, LysSHOLM, NYLIN & ZACKRISSON (1939), 
JONSELL (1939), Lupwia (1939), KJELLBERG, RUDHE & SJOSTRAND 
(1949) and CaRLGREN & Erk (1949). Linp (1950) has reported on variation 
in heart volume in infants. 

These investigations have shown that, using different means for 
determining the size of the heart, the relation of the heart volume to 
body weight, body surface or blood volume is of the greatest practical 
interest. In the present investigation the regression of heart volume has 
been calculated in relation to body surface. 


Material 
The material comprised 115 boys and 150 girls in the age-group 
7—14 years. The composition of the material in relation to age distribu- 
tion is given in the Table. 
Table 


Composition of the Material with re spect to sex and age 


Age in years 7 Ss 9 10 11 12 13 14 Total 
Number of Girls ........ 1] 9 16 23 27 17 22 25 150 
Number of Boys 6 24 1s 21 3 20 115 


Total 17 14 34 17 5 38 25 1) 265 
The investigation took place during 1948—49 and was carried out on 
primary school children in Stockholm. Certain classes were selected 
Submitted for publication, Dec. 17, 1953. 
31—-540088. Acta Radiologica. Vol, 41. 
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nearly every child having been examined and pronounced healthy by 
the school doctor; none had been excused from gymnastics. A history of 
scarlatina did not cause exclusion from the material. Those with soft 
systolic murmurs which were considered as functional were also ac- 
cepted. 

Methods 


The roentgen determination of the heart volume was _ performed 
according to the method described by Larsson & KJELLBERG (1949) 
and that of KsELLBERG, RuUDHE and SJOsTRAND (1949). In this method 
the child hes face down with the central rays directed towards the feet 
at an angle of 30° to the postero-anterior projection. 

The heart volume has been calculated as the product of three dia- 
meters and a constant, which for all practical purposes equals 0.5. This 
basis of calculation gives an approximative value of the heart volume 
in ml when the diameters are measured in cm. The diameters concerned 
are the length, breadth and depth, after correction for distortion. 

The body surface has been calculated from the height and weight, 
according to pu Bots. 

The usual statistical methods have been used for working up the ma- 
terial. 
Results 


Any statistically guaranteed difference in heart volume, calculated 
per sq. m. body surface area, between girls and boys has not been 
observed. In this material the regression line for girls is somewhat lower 
than for boys and the dispersion around the regression line is less (11 °%), 
for girls than for boys (13 %). In this total material the regression equa- 
tion is 

H = 373 Y — 72 
where H is the heart volume in ml and Y is the body surface in m’. 
(Diagrams | and 2.) 

The dispersion around the regression line amounts on an average of 
50 ml. The dispersion appears to increase with increased volume and is 
indicated better as a percentage which lies between 12 and 13. This is 
consequently of the same order of magnitude as in adults, where in differ- 
ent investigations, it amounts to 10—12 °%. It can also be compared with 
the relationship existing in children under 2 years (LinpD 1950), where it 
was calculated as 11 ° 


Conclusions 
A variation which falls within the limits of plus or minus twice the 
standard deviation, is often taken as normal. So far as these investiga- 
tions go, in this age-group, it signifies that the limits for the heart volumes 
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concerned, lie within plus or minus 25 % of that of the value obtained 
by a calculation from body surface. Of course it does not imply that a 
pathologic heart is not found with less deviation, nor a completely healthy 
heart with a volume outside this limit. The following practical rule may 
be applied: If there exist markedly pronounced clinical symptoms irre- 
spective of the heart volume, it is more probable that one is dealing with 
a pathologic than with a normal case, so that a deviation of 25 °% or more 
strengthens this suspicion to a considerable degree. If there exist, on the 
other hand, no clinical symptoms, even a deviation as wide as 40 ° is 
not proof of the occurrence of pathologic changes in the heart. Further 
supervision from the clinical aspect is thus justified. Since blood volume 
(caleulated according to Ss6sTRAND 1948) should be a more relevant 
correlation factor, it is of considerable value to determine it and find its 
relation to the heart volume in these cases. 


Addendum 


Regression Equation. Average and standard deviation 


Boys. Girls. Totals. 

H 370 Y — 45 H 380 Y — 95 H 373 Y —72 

H 106 ml H 388 ml H 396 ml 

Y l.24 1.27 m? Y 1.25 m? 
54 ml (13 %) 14 ml (11 %) Ba 50 ml (13 %) 
Symbols. 

H Heart volume in ml; 

Y =m? body surface area according to pu Bots: 


H average for H: 
Y average for Y: 


Be < Standard deviation of heart volume after elimination of body surface 
variation. 


SUMMARY 


Determinations of the heart volume have been carried out in 265 normal children 
of school age. The regression of heart volume has been calculated in relation to body sur- 
face area. The distribution around the regression line lies between 12 and 13 per cent. 
The clinical evaluation of the actual heart volume and the probability of a given heart 
volume being normal or abnormal are discussed. 


ZUSAMMENFASSUNG 


Bei 265 normalen Kindern im schulpflichtigen Alter wurde das Herzvolumen be- 
stimmt. Die Regression des Herzvolumens wurde in Beziehung zur Kérperoberfliche 
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berechnet. Die Verteilung um die Regressionslinie herum liegt zwischen 12 % und 13 %. 
Die klinische Berechnung des aktuellen Herzvolumens und die Frage, ob ein gegebenes 
Herzvolumen normal ist oder nicht, werden diskutiert. 


RESUME 


Des déterminations du volume du cceur ont été faites sur 265 enfants normaux 
d’age scolaire. La régression du volume cardiaque par rapport & la surface corporelle a 
été caleulée. La distribution autour de la ligne de régression se situe entre 12 et 13 pour 
cent. 

Les auteurs étudient l’évaluation clinique du volume réel du cceur et la probabilité 
pour qu'un volume cardiaque donné soit normal ou anormal. 


REFERENCES 


CARLGREN, L. E., and Erk, 8.: Jn Morbus Caeruleus, edited by E. Mannheimer, p. 66. 
Karger, Basel 1949. 

JoNSELL, S.: A method for the determination of the heart size by teleroentgenography 
(a heart volume index). Acta radiol. 20 (1939), 325. 

KJELLBERG, 8S. R., Rupue, U. and Sséstranp, T.: The relation of the cardiac volume 
to the weight and surface area of the body, the blood volume and the physical capacity 
for work. Acta radiol. 29 (1948), 159. 

LILJESTRAND, G., LysHoum, E., Nyuin, G. and Zacurisson, C. G.: The normal heart 
volume in man. Am. Heart J. 17 (1939), 406. 

Linp, J.: Heart volume in normal infants. Acta radiol. Suppl. 82 (1950). 

Lupwic, H.: Réntgenologische Beurteilung der Herzgrésse. Fortschr. Rontgenstr. 59 
(1939), 1. 

Lupwic, H.: Weitere Untersuchungen zur réntgenologischen Beurteilung der Herzgrésse. 
Ibid. 59 (1939), 139, 250. 

Ss6stRAND, T.: A method for the determination of the total haemoglobin content of the 
body. Acta physiol. Scandinav. 16 (1948), 211. 


a 
Ly 
e- 
th | 
re 
1e 
is 
Pr 
1e 
it 


FROM THE DEPARTMENT OF GYNAECOLOGY (DIRECTOR: DR. HANS-LUDVIG KOTTMEIER) 
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THE VAGINAL SMEAR AS A PROGNOSTIC AID IN 
CARCINOMA OF THE CERVIX TREATED ACCORDING 
TO THE INDIVIDUALIZED STOCKHOLM METHOD 
by 


Gertrude Kohn 


It is well known that it is impossible to attempt a prognosis on the 
clinical findings of a case as well as on the differentiation of the cancer. 
Many procedures have been recommended to improve this. Several 
methods have been tried at the Radiumhemmet. Serial biopsies, the 
so called Gliicksmann test, have not been used at the Radiumhemmet 
in recent years because experience has proven that any kind of a rup- 
ture of the cervix should be avoided and the healing processes be left 
undisturbed. 

In recent years the vaginal smear has been applied in an attempt 
to give an individual prognosis early in the treatment of patients suf- 
fering from cancer of the uterine cervix. In 1947, GRAHAM published 
the findings regarding the effects of radiation on vaginal cells during 
radiotherapy. She observed that marked cytologic changes were seen 
in the benign vaginal cells of some of the patients. In other patients, 
little ¢ hange was seen. In 1951 GRAHAM published a report of the 5 year 
survival of this group of patients. Correlation with the clinical follow-up 
showed that among 36 patients where marked changes were observed, 
20 were alive. Of 37 patients who showed only little cytologic change, only | 
was alive. In this material, the distinction between a good and a bad prog- 
nosis was able to be made on the basis of the radiation changes observed. 

We would like to report our experiences in endeavouring to duplicate 
GRAHAM’s work. A series of 50 patients is presented. 


Material 


On 45 patients, vaginal smears were taken once weekly throughout 
their course of treatment. A glass pipette with a rubber ball attached 
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to one end was inserted into the vagina without the aid of a speculum 
and the secretion sucked up. The aspirated material was then placed 
on a glass slide, fixed in equal parts alcohol and ether, and stained 
according to the usual Papanicolaou method. 

In 5 cases, only single smears were obtained and the prognosis was 
made on the basis of these. These smears were obtained 3—4 weeks 
after the first or the second radium treatment. 

In all cases, the patients were treated for histologically verified 
carcinoma of the cervix. The modified Stockholm method, described by 
Kottmeier, was used. 


Method 


As the smears were taken at weekly intervals, the first one just 
prior to the first radium application, we could not determine the exact 
day that the maximum radiation changes could be observed. 


At first, a graph was made for each patient. The number of benign 
radiated pnt was estimated on each slide and recorded as o, 
+, or ++-+-+ on the graph. However, this method of estim: tion 


was not accurate enough and had to be discarded. The bizarre cells 
were much more obvious than the normal, unchanged cells and were 
easily recognisable. The unchanged cells could easily be overlooked. 
Also, the borderline between + and +-+-+- was not always sharp 
and clear. 

The maximum radiation changes were noted on the 14th day after 
each radium application and on ‘the Mth day after roentgen therapy 
was begun. It was therefore decided to count the cells on the smears 
taken on the 14th day after the first radium application. In counting, 
the method used by GRAHAM was used. A spot was chosen where the 
cells were single, making counting easier. Counting was done under 
high power (15 « 40). 100 benign cells with intact cytoplasmic borders 
were counted. Every cell coming into the field was recorded and classi- 
fied. The cells were classified under one of the following groups; vacu- 
olisation, size increase, double nuclei, bizarreness, or nuclear change. 
If 65 or more of the 100 cells showed some type of radiation change, 
the case was classified as a “good” response. If less than 65 out of 100 
cells showed radiation changes, the case was recorded as a “poor 
response. 


Cellular Changes 


As the cellular changes due to radiation are well described in the 
literature, only a short survey of them is given here. 

Cornified superficial squamous cells: The most obvious change seen 
is a size increase of the whole cell. This may be only mild, but usually 
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if there is a radiation change noted, the cell assumes a “blown-up” ap- 
pearance. If the size increase is not so marked but more subtle, it is fre- 
quently observed that the nucleus may no longer be centrally placed but 
situated towards the periphery. At the same time the nucleus becomes 
elongated. The cytoplasm then appears thinner in the center of the cell 
and the whole cell takes on a more rounded appearance. There is little 
change seen in the cytoplasm. Thin fibrils are occasionally encountered. 
Vacuoles are rarely observed. Changes also occur in the nucleus. If the 
cell increases considerably in size, then the nucleus usually increases in 
size proportionately. Duplication of the nucleus is often noted. Bizarre 
forms are frequently encountered. 


Precornified superficial squamous cells: The radiation changes noted 
here are similar to those seen in the cornified cells. Vacuolisation of the 
cytoplasm is, however, more frequently noted and the nuclear changes 
are more pronounced. These may even occur with little or no size in- 
crease. Displacement and elongation of the nucleus is commonly seen. 
The chromatin structure of the nucleus appears stippled and coarsely 
granular. Occasionally the nucleus appears wrinkled and the nuclear 
membrane irregular. Folding of the nucleus is frequently noted. Often 
the nucleus has a sharply outlined membrane but no nuclear detail 
can be seen, giving it an indistinct appearance. 


Basal cells: The most striking change observed in the basal cells is 
again size increase. The cell may increase to several times its normal 
size, the cytoplasm and nucleus increasing proportionately. Cytoplasmic 
vacuolisation is most pronounced in the basal cell. These vacuoles may 
be small enough to be barely visible under low power. Several are often 
found in one cell. Nuclear changes are similar to those described for the 
precornified superficial squamous cells. Nuclear stippling, wrinkling, 
folding of the nucleus and multiple nuclei are noted. 


Malignant cells: The radiation changes in the malignant cells are 
more difficult to recognize, as abnormal nuclear patterns and dupli- 
cation of the nuclei occur spontaneously. 

The malignant cells undergo the same type of radiation changes as 
the benign cells. The cells increase in size, vacuolisation of the cyto- 
plasm is frequently noted and nuclear changes are observed. The nuclear 
changes are more obvious in the malignant cells than in the benign cells. 
Chromatin break-up of the nucleus is seen. Chromatin concentration on 
the nuclear periphery is frequent. 


Histiocytes: The histiocytes may increase very much in number during 
the course of the treatment. The same is true for the WBC. Sometimes 
the smear may consist almost entirely of WBC and histiocytes. 
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When the radiation changes are marked, it is not difficult to re- 
cognize them as such. However, not all the changes are very obvious. 
One of the most subtle changes, and perhaps the most difficult to re- 
cognize, is the size increase of the cell. Epithelial cells from the same 
or different patients vary considerably in size. What is then to be 
counted as normal size and what as size increase due to the radiation? 
Elongation of the nucleus and nuclear displacement are helpful aids. 
Comparison to nearby cells is often a reliable gauge, but no definitive 
standard can be given. 

Determining true vacuolisation of the cytoplasm may also cause 
difficulties. The cytoplasm may appear thinner in parts, sometimes 
giving the appearance of vacuolisation. This is especially true if the 
cell is seen under low power. Under high power, however, no vacuole 
membrane is seen. Only where a clear, round membrane is seen, is a 
vacuole recognized. 

An abundance of WBC and histiocytes makes a count often ex- 
tremely difficult. 


Results 


Of the 50 patients studied, 32 were recorded as having a “good” 
response and 18 as having a “poor” response. In 3 cases out of this 
series it was found to be very difficult to give a prognosis as the per- 
centage of radiated cells was between 63 °% and 68 °%. 100 cells on 
several slides were therefore counted in each of these 3 borderline cases 


(Tables I, II). 


Table I 
“Good” Response 
Total Recurrences 
32 5 
Table Il 
“ Poor” Response 
Total Recurrences 
18 16 


The follow-up period has been from 1 year to 1 year 8 months. 


In the “good” response group, 5 out of the 32 have, to date, per- 
sistent disease, a local recurrence or pelvic metastasis. 
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In the “poor” response group, 16 out of the 18 have persistent 
disease, a local recurrence, a pelvic metastasis, or have died of their 
disease. 1 patient has had an electrocoagulation for strong suspicion of 
a recurrence on the basis of a positive vaginal smear. She is now symp- 
tom-free. 1 patient is alive and symptom-free. 


Discussion 


The vaginal smear is a safe and simple method. It may be taken 
at whatever frequent interval is desired without pain or danger for the 
patient. 

The material under discussion is limited and the follow-up time is 
not very long. However, certain observations and conclusions, similar 
to those of GRAHAM, may already be drawn. 

As stated previously, the prognosis of the patient is based on the 
reaction of the benign cells to the radiation, not of the malignant cells. 
It is assumed that not only the reaction of the tumour cells is of im- 
portance when treating patients having carcinoma of the cervix, but 
that the benign cells of the cervix and the upper vagina also play a 
role in the prognosis and must, therefore, be taken into consideration. 

The patients may be divided into two groups, the “good” and the 
“poor” response groups. In most cases this does not entail any diffi- 
culties. Either more than 75 % of the benign epithelial cells show a 
radiation change (7. e. “good” response) or changes are observed in less 
than 60 %, of the cells (2 e. “poor” response). 

In the “poor” response group, the accuracy of using the benign 
cells as a prognostic index seems to be high. In less than 1'/: years 
after treatment only 1, possibly 2, paticnts out of 18 are well and symp- 
tom-free. 

In the “good” response group the method does not seem to be so 
reliable. 5 out of 32 patients have had a recurrence during the same 
lapse of time. It is to be expected that during the 5 year over-all period 
the number of recurrences will increase. 

In spite of the series being too small and the follow-up time too 
short, the difference in the 2 response groups mentioned is so marked 
that we feel it would be of great value to report our primary results. 

It is shown from our series that if a “good” response is not apparent 
after the first radium application, the response does not change after 
the second application. There may be some increase in the number of 
cells showing radiation changes after the second application but not 
enough to warrant reclassification. 

The cells seen on the vaginal smear are shed from the surface epi- 
thelium. They do not tell what is happening deeper in the tissue. The 
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effect of a radium application is maximum on the immediate surrounding 
tissue. Its effect falls off strikingly at very small distances. Thus what 
is happening to and the response of the tumour parts furthest away 
from the application is unknown. The smear is of no value in stating 
how the deeper parts of the tumour react to the therapy. 

It is our experience that the presence or absence of malignant cells 
in the vaginal smear during treatment is an unreliable factor. The ex- 
posed part of the tumour is often necrotic, preventing malignant cells 
from being shed. Malignant cells may thus disappear from the smear 
during the course of treatment in spite of the presence of the tumour. 


SUMMARY 


The prognosis on patients suffering from carcinoma of the cervix is made, after 
the technic described by GRAHAM, during the course of radiation therapy on the basis 
of the radiation changes observed in the benign cells in the vaginal smears. A series 
of 50 patients followed from 1—1"/, years is presented. Of 32 patients having a “good” 
response, 27 are well and symptom-free and 5 have a recurrence. Out of 18 patients 
having a “poor” response, 16 have persistent disease, a recurrence, a pelvic metastasis 
or have died of their disease, 1 has had a fulguration on the basis of a positive vaginal 
smear and 1 patient is well and symptom-free. 

The method seems to be of great value in assessing individual treatment of the 
patient. 


ZUSAMMENFASSUNG 


Die Verfasserin stellt fiir Patientinnen mit emem Cervixkarzinom prognostische Er- 
wigungen an. Diese griinden sich auf Strahlenveranderungen, die im Laufe der Behand- 
lung in gutartigen Zellen vaginaler Ausstrichpriparate, welche sie nach der von GRAHAM 
beschriebenen Technik herstellte, beobachtet wurden. Eine Reihe von 50 Patientinnen, 
die | I! 2 Jahre lang beobachtet worden sind, wird geschildert. Von 32 Patientinnen, die 
»gut« reagierten, sind 27 gesund und symptomenfrei und 5 haben ein Rezidiv. Von 18 
Patientinnen, die »schlecht« reagierten, haben 16 noch Tumorreste, Rezidiv, Becken- 
metastasen oder sind infolge ihrer Krankheit verstorben, eine Patientin wurde auf Grund 
eines positiven Ausstriches verschorft und eine Patientin lebt gesund und ist symp- 
tomenfrei. 

Die Methode scheint zur Festlegung der individuellen Behandlung der Patientinnen 
von grossem Wert zu sein. 


RESUME 

Chez des malades atteintes de cancer du col, auteur établit, pendant le traitement 
par les radiations, un pronostic, suivant la technique décrite par GRAHAM, en se basant 
sur les modifications dues aux radiations observées sur les cellules non cancéreuses des 
frottis vaginaux. L’auteur présente une série de 50 malades suivies pendant 1 an a 1 
an et demi. Sur 32 malades qui avaient une «bonne» réponse, 27 sont en bonne santé 
et sans symptomes et 5 ont une récidive. Sur 18 malades présentant une »mauvaise» 
réponse, 16 ont un cancer qui persiste, une récidive, une métastase pelvienne ou sont 
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mortes de leur maladie, une a subi une électro-coagulation en raison d’un frottis vaginal 
positif et une se porte bien et ne présente aucun symptome. 


\-tte méthode semble d’un grand intérét pour juger dans chaque cas l’efficacité 


du traitement. 


to 


1. 


6. 
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FROM THE DEPARTMENT OF PATHOLOGY (PROFESSOR ¥F. LINELL), UNIVERSITY OF LUND, 
AND THE GYNECOLOGIC DEPARTMENT (DOCTOR GUNNAR GORTON), KING GUSTAV V 
JUBILEE CLINIC, LUND, SWEDEN 


THE PROGNOSTIC VALUE OF EOSINOPHILIC 
LEUCOCYTES IN THE STROMA OF CARCINOMA OF 
THE CERVIX UTERI 


A study of 291 cases treated with Radium and Roentgen therapy 
by 


F. L ? ne ll and B. M ansson 


It has long been known that masses of eosinophil leukocytes some- 
times occur in the stroma of malignant tumours and apparently in 
squamous cell carcinoma in particular (KETTLE). The significance of 
these eosinophil leukocytes has been the subject of much speculation, 
but as yet no unanimity has been attained. Some workers in this field 
(LAHM 1922, ScHocH 1925) have, however, expressed the opinion that 
marked eosinophilia in carcinoma of the uterine cervix is prognostically 
favourable, but they give no real grounds for such an assumption. 

In an attempt to elucidate this point, we studied a large series of 
carcinoma of the uterine cervix, in which the patients had been followed 
up for at least 5 years, for the occurrence of eosinophil levkocytes. 


Material and Methods 


This material consisted mainly of diagnostic biopsy specimens from 291 cases. 
Most slides were frozen sections, stained in the first place according to v. Gieson. The 
slides were stained again with haematoxylin-eosin and examined to determine the 
number of eosinophilic leukocytes (This material was used earlier in a study of the 
prognostic value of histologic grading, LINELL and MAnsson, 1952). 

The series was divided into three groups according te the number of eosinephil 
leukocytes (Eo —, Eo + and Eo+~--). 

Eo —. Cases in which only few or no leukocytes were demonstrable were assigned 
to this group, which was the largest. (In most of these cases it was difficult to detect 
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the eosinophil leukocytes.) The group thus included all cases with less than 3 eosinophil 
leukocytes per field of vision (dry lens 40). Those cases with relative increase in the 
number of eosinophil leukocytes but in which the reaction of the stroma was so slight 
that only a few single inflammatory cells per field were seen, were, however, also refer- 
red to this group. 

Eo +. This was an intermediate group in which the occurrence of eosinophil leuko- 
cytes was sometimes prominent, but never represented more than 25 per cent of the 
total number of stroma cells. 

Eo -+-+-. Cases in which the eosinophil leukocytes represented at least 25 per cent 
of the total number of stroma cells were allotted to this group. In most of the cases in 
the group more than half of the stroma cells were eosinophil leukocytes, and in some 
the percentage was much higher. All of the cases of group Eo + and Eo +--+- were also 


characterised by a pronounced reaction of the stroma, so that the absolute number of 


eosinophil leukocytes was also high. 

As a rule, grouping offered no difficulty, and hardly any border-line cases were 
seen. In some cases the degree of eosinophilia varied from one region of the slide to 
another. Small accumulations of eosinophil leukocytes were occasionally seen in cases 
in which eosinophil leukocytes were otherwise sparse. Such cases were referred to 
group Eo 


The material examined was not uniform in that the specimens varied 
greatly in size. They were, however, usually small: this should be borne 
in mind in the evaluation of the results. 

As to treatment of these cases this was described in detail in an earlier 
paper (LINELL and MAnsson, 1952), only a brief account will be given 
here. Treatment, which was uniform throughout, consisted of radium 
irradiation, an intra-uterine dose of 3 « 900 mgh and a vaginal dose 
of 3 « 1,500 mgh, a total of 2,700 + 4,500 mgh = 7,200 mgh being 
given. This was followed by roentgen therapy of, as a rule, 3 = 400 r 
1,200 r on 2 anterior and 2 posterior parametric fields (170 KV, FSD 
40 cm, 0.5 mm Cu and | mm AI filter). 

All the cases examined had been treated at King Gustav V Jubilee 
Clinic, Lund, between 1935 and 1943. After the exclusion of quantita- 
tively or qualitatively unacceptable preparations there remained 291 
cases of squamous epithelial carcinoma, all of which had received the 
treatment described above. 


Results 


The 291 cases of squamous epithelial carcinoma were classed ac- 
cording to the occurrence of eosinophilia in the following way. In the 
table the cases are arranged according to the clinical stage of the tumour 
in agreement with the League of Nations’ classification. The figures in 
brackets give the number of 5-year-cures (Table 1). 

Comparison of the frequency of eosinophilia of the tumour with the 
histologic grade of the growths (LINELL and MANsson, 1952) showed 
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Table 1 

Clinical stage Eo Eo + Eo 4 Total _ Per cent 
»-year-cures 
ey ee 34 (18) 2 (2 4 (2) 40 (22) 55 + 7.9 
lll (52) 16 (7) 7 (3) 34 (62) 16.3 4.3 
8&5 (33) 8 (2) 5 (1) 98 (36) 36.7 4.9 
12 (1) 3 (0) 4 (2) 19 (4) Ke 
Total 242 (104) 29 (11) 20 (8) 291 (124) 12.6 + 2.9 


Per cent 5-year- 
13.0 3.2 37.9 + 9.0 15.0 + 10.9 42.6 + 2.9 


Table 2 


Histologic grade Eo Eo + Eo + Total ” Per —_ 
- v-year-cures 
wore 52 (27) 8 (1) 3 (3) 63 (31) 19.2 + 6.3 
17 (9) 15 (5) 167 (68) 10.2 + 3.8 
il. ) (23) t (1) 2 (1) 61 (25) 11.0 + 6.3 
Total 242 (104) 29 (11) 20 (9) 291 (124) 12.6 + 2.9 


Per cent D-year- 
kas 13.0 + 3.2 37.9 + 9.0 15.0 10.9 12.6 + 2.9 


the following results. The figures in brackets give the number of 5-year- 
cures (Table 2). 

It is clear from the tables that the occurrence of eosinophil leukocytes 
in the tumours has no apparent influence on the prognosis of cases treated 
with radiotherapy by the methods described here. 


Discussion 


As vet, little is known of the function of the eosinophil leukocytes: 
their abundance in stroma of malignant tumours has been tentatively 
assigned to supposed disintegration of the cell protein. 

The reported frequency of marked numbers of leukocytes in the 
stroma of carcmoma of the uterine cervix varies from one author to 
another but most give about 10 per cent. In the present series, pro- 
nounced eosinophilia (more than 50 per cent) of the stroma cells was 
seen in 6.9 per cent. The difference in frequency reported by various 
authors may be due to what they regarded as pronounced eosinophilia. 
Furthermore, it must be reme »mbered that the tumour fragments on 
which the figures were based were only small and thus probably seldom 
representative of the whole tumour. 

Earlier investigators (LAHM, ScHocH and FLUHMANN) expressed the 
view that the abundance of eosinophil leukocytes in the stroma is a 
prognostically favourable sign in carcinoma of the uterine cervix. In 
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LAHM's study of 156 cases from 1915 to 1918, 40 per cent of 36 patients 
with such eosinophilia made a recovery, as against only 17.5 per cent 
of the remainder. He does not, however, describe how he classed the 
cases, nor does he say how long the patients were followed up: this 
together with the size of the material does not permit valid conclusions. 
In Scuocnu’s study of 359 cases the material is not described in a manner 
permitting proper evaluation of the results. 

The present series is fairly large, the patients received one and the 
same type of treatment throughout and they were followed up for at 
least 5 years. After assignment of the cases according to the clinical 
stage and degree of eosinophilia, the groups were, however, fairly small. 
Comparison of the groups did not suggest that the degree of eosinophilia 
was of prognostic value. After an analysis of cases treated with radio- 
therapy, KALBERER (1927) arrived at the same conclusion, although his 
series consisted of only 30 cases. 


SUMMARY 


Analysis of 291 cases of carcinoma of the uterine cervix treated by uniform methods 
suggested that the proportion of eosinophil leukocytes in the stroma of the tumour is 
of no prognostic value. 


ZUSAMMENFASSUNG 


Aus der Analyse von 291 gleichférmig behandelten Fallen von Careinoma cervicis 
uteri geht hervor, dass die Proportion der eosinophilen Leukocyten im Stroma des 
Tumors keinen proznostischen Wert hat. 


RESUME 


L’analyse de 291 cas de cancer du col de lutérus traités de facon uniforme fait 
penser que le taux de leucocytes ¢osinophiles dans le stroma de la tumeur n’a pas de 
signification pronostique. 
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FROM THE RADIUM CENTER (DIRECTOR: JENS NIELSEN), COPENHAGEN, DENMARK 


EXPERIMENTAL STUDIES ON THE EFFECT OF 
ULTRASONIC IRRADIATION ON TRANSPLANTED 
MAMMARY CARCINOMA IN MICE 
by 
Svend Krogh Dalgaard 


Despite the valuable and effective — at times almost selective 
influence of roentgen rays, and the ionizing radiation from radium and 
other radioactive substances in the treatment of cancer, it must be 
admitted that the resistance of many neoplasms to these forms of radi- 
ation is so marked as to not only justify but call for attempts at attack- 
ing malignant tumours by other forms of energy. 

The first attempts at treating malignant tumours with ultrasonics 
were made in Japan. In 1934 NAKAHARA & Kopayasui tried ultrasonics 
in the treatment of malignant mouse tumours, but could not arrest 
their growth. Later Havasu obtained a beneficial effect on some cases 
of malignancy in the rat. Recently, several contributions have come 
from Germany. Becu & KRANz, treating rats with Walker sarcoma 318, 
showed an inhibition of tumour growth. AULER & WolTE reported a 
destructive effect on a mouse ascites carcinoma in vitro using a frequency 
of 1,000—1,500 ke/sec. In one case HorvatH cured the cutaneous me- 
tastases of a patient with reticulosarcoma by ultrasonics. Histologic 
studies performed by Horvatn & Dyrorr appear to show an ‘elective 
effect’ on the neoplastic tissue. There are many other contributions 
on the ultrasonic treatment of malignant tumours, but the results are 
rather divergent, and at present there is a marked difference of opinion 
regarding the effects of this form of treatment. 

On the whole, the biologic mechanism of ultrasonics is rather ob- 
scure. Some authors place great stress on the thermal effect although 
a definite relationship between the temperature obtained in the tumour 
and the therapeutic result has not been found. Others claim to have 
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observed a more specific (mechanical) effect upon the cells. WorBzR & 
AscHeE, for instance, found mitotic changes which they interpreted as 
a direct mechanical action dislocation or even fracture — on single 
or several chromosomes; following a more powerful action they observed 
fragmentation of the chromatin network and a spread of the fragments 
in the cytoplasm. These histologic changes are said to have been ob- 
tained with an intensity not exceeding that which is generally used in 
clinical practice. 

Other studies again appear to indicate something like permeability 
changes of the cellular membranes, leading primarily to a cellular uptake 
of water. Certain authors (POHLMANN, BEJDL and others) place most 
stress on what they call the “Grenzflichen-Effekte’’, meaning the phenom- 
enon that ultrasonic waves are absorbed — and converted into thermal 
energy — mainly on the border between tissue and cellular components 
which possess different acoustic properties. 

There is some difference of opmion as to whether ultrasonic waves of 
high frequency exert a selective destructive effect on neoplastic tissue. 
HorvatH has answered this question in the affirmative on the basis 
of clinical and histologic studies. Investigations performed by BEspL on 
amphibial larvae appear to show a higher susceptibility in embryonic 
tissue than in adult animals, and a report by Frits-NigG@.1 indicates 
a marked similarity between the effect of roentgen and of ultrasonic 
waves on Drosophilia melanogaster in various stages of development - 
an effect different from a purely thermal action. 


Author’s Investigations 
Material and Method 


The experimental material was a mouse mammary carcinoma trans- 
planted into the tail. This site was chosen partly to avoid a generalized 
effect which would be hard to avoid in treating tumours of the trunk 
and partly because the intimate sonic contact required is more easilv 
established on the tail than on the trunk. Histologically, the tumour 
is preponderantly a solid carcinoma but with a faint tendency to gland- 
like structures (Fig. 1). The transplantation was performed by a method 
worked out by Jens NIELSEN: The tumour tissue is minced with scissors 
and the juice injected into the dorsal aspect of the tail a few cm from 
the tail-root. Two or three weeks later the tumour has usually reached 
a suitable size (6 « 3 x 3 mm). 

The ultrasonic apparatus (Siemens’ Sonafor) used in the experiments 
operates at a frequency of 800 ke/sec. and generates a maximum of 50 
watts of acoustic effect. The sound generator is a quartz crystal, en- 
closed in a watertight aluminium projector which is earth connected 
to exclude radiation of electro-magnetic waves. This is of course of the 


| 
| 
| 


EFFECT OF ULTRASONIC IRRADIATION 459 


Fig. 1. Untreated tumour (x 100). Fig. 2. Ultrasonic therapy 10 watts/sq. 
em for 5 min. Central necrosis but slight 
peripheral changes. (x 30). 


~ 


Fig. 3. Treated tumour, showing necrosis of the deep tissue but no 
changes in the epithelium (x 100). 
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utmost importance in studying the biologic actions of ultrasonic waves. 
The apparatus is provided with a cooling arrangement to maintain a 
constant temperature in the projector. 

In irradiating the mouse tails two different methods were employed 
in positioning the mice. In the former the mouse tail with the tumour 
was placed just in front of the crystal holder. In order to obtain the 
best possible sonic contact the irradiation was performed under water. 
It is necessary to expel the atmospheric air contained in the water, as 
it would otherwise be freed in the form of small bubbles of air during 
ultrasonic therapy and absorb part of the energy. The water was there- 
fore first boiled for 20 minutes so that nearly all the air was expelled. 

In some of the experiments, however, it proved to be desirable to 
employ a somewhat higher intensity than the maximum 7.5 watts/sq. cm 
obtainable in this positioning. This was obtained by placing a plain metal 
sheet at an angle of 45° on the horizontally directed ultrasonic beam, 
which was thus reflected and projected up against the surface of the 
water. By this means, a cone-shaped protuberance of the water surface 
was obtained, in its central part the intensity being very high, although 
in a field as small as in this case, fairly uniform. 

To measure the intensity at individual points, I used a copper con- 
stantan thermo-element sensitized with a drop of methacrylate plastic. 
Such a measurement is absolutely necessary, as regard must be paid to the 
fact that in front of a vibrating quartz crystal the intensity is highest 
in the central area, decreasing towards the periphery. The intensity read 
from the adjustment curve of the apparatus is the mean intensity which 
amounts only to a little more than one-half of the intensity in the central 
part of the field. 

In some of the experiments, the temperature in the tissue during 
irradiation was measured. To this end, I used a thermoneedle with an 
appurtenant galvanometer. The heating of the thermo-element due to 
absorption of the ultrasonic energy in the metals is so slight that it 
may be disregarded in evaluating such relatively marked changes in 
temperature. 


Results 


In the first experimental series the effect of ultrasonic irradiation 
with an intensity of 2.0—7.5 watts/sq.cm was studied in sittings of 
10—30 minutes’ duration, partly in a single irradiation and partly in 
fractionated irradiation performed over a period of a few days. 

Immediately after the institution of treatment, marked hyperemia 
was observed, and at high intensities, the treatment was followed by 
slight oedema of the tumour. Break-down of the tumour tissue or in- 
hibition of its growth was not observed. On the contrary, the irradiated 
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tumours in some cases seemed to grow more rapidly than the untreated 
ones. There did not appear to be a question of a cumulative effect. 

Microscopic examinations of the tumour tissue at various intervals 
after the institution of treatment, did not show any nuclear or cyto- 
plasmic changes at 2 and 4 watts’/sq.cm. But at an intensity of 6 and 
7.5 watts/sq.cm the treatment was followed in a few hours by marked 
capillary dilatation and small hemorrhages in the tissue and, in a few 
cases, by central necrosis in the tumour but only slight peripheral changes. 

In order to obtain an inhibitory effect on the tumour, it therefore 
appeared necessary to increase the intensity. In the second experimental 
series the intensity was increased to 10—15 watts sq.cm, and the period 
of treatment ranged from 5 to 10 minutes. 

This resulted in marked hyperemia as soon as the treatment was 
started, and unmistakable oedema was observed immediately after its 
discontinuation. A few hours after the treatment suggilations were ob- 
served under the skin, and in 24 hours break-down of the neoplastic 
tissue set in. In 2 or 3 days most of the tumours had disappeared macro- 
scopically. Ulceration at the site of the tumour and unmistakable damage 
of the surrounding normal tissue were invariable findings. It was striking 
that in practically all cases the treatment was followed immediately or 
in a few hours by paresis of that part of the tail which was peripheral 
to the irradiated field. In several instances, gangrene developed in the 
distal part of the tail which im about a week was shed distal to the site 
of the tumour. The remaining experimental mice developed a permanent 
deformity of the tail, the bony tissue also being damaged by the ultra- 
sonic energy. 

In most instances, recurrence followed in 2 or 3 weeks. In only a 
few cases was the tumour completely destroyed. but more than half 
of these mice developed gangrene of the distal part of the tail which 
was shed. 

Histologic examination immediately after the treatment showed 
marked capillary dilatation, oedema, and in several places hemorrhage 
into the tissue. At the end of a few hours, microscopic examination 
revealed pronounced nuclear changes: irregular distribution of the chro- 
matin, gradually nuclear pyknosis and sometimes a spread of the chro- 
matin content in the cytoplasm. Cytoplasmic changes were also ob- 
served: alterations in the staining property, precipitations and vacuola- 
tion. The degree of cellular damage distinctly varied in the different 
parts of the tissue. While the surface epithelium and the tissue im- 
mediately below showed only slight or no signs of damage, the deeper 
tumour tissue was often completely necrotic. 

As apparent from Table 1 a marked increase in temperature occurred 
in the tissue during treatment. 
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Table 1 


Ultrasonic therapy S00 ke/sec. coupling medium boiled water of 2 C. 


. Intensity lempera- Influence omplete Number 
of experi- ~ of treat- 


watts sq. ture of Reaction of tissue on growth of 
% of tumour no following 
mice min. recurrence treatment 
a) 2.0 10 26—28 none none 0 0 
} 1.0 10 30—32 slight , 0 0 
hyperemia 
6 6.0 10 34—36 hyperemia , 0 0 
marked hyperemia, none or 
6 4.4 30 37—41 oedema and accel. it 0 
capillary hemorrhage 
7.5 10 37—41 0 0 
5 7.5 10 10 37—4Al , ) 0 0 
D 5.5 10 40—43 > accel. 0 
15 10 10 42—45 oedema, suggilations, inhibitory 4 6 
necrosis 
10 12 5 45—48 , , 5 7 
10 15 5 46—52 > » 4 10 


Finally, the tumour-accelerating or biopositive effect of ultrasonic 
irradiation was found to be very marked at a somewhat higher intensity 
than used in the first experimental series, but lower than that in the 
second series. Ten tumours were irradiated with an intensity of 8.5 
watts/sq.em for 5 minutes. Compared with a control material they 
showed unmistakable increase in the rate of growth, leading to more 
rapid necrosis and ulceration of the tumour (Table 2). 


Table 2 
Results of ultrasonic treatment with 800 ke/sec., 8.5 watts/sq.cm for 5 min., coupling 
medium: boiled water of 25° C, compared with a control series. 


All the tumours measured 3 x 2 x 1.5 mm prior to 
treatment 


Size of tumour in experimental Size of tumour in control mice 


mice at the end of 10 days at the end of 10 days 
12 7x 7 mm 6 x 4 3 mm 
7x4-x 4mm 4x 3x 3 mm 
9x 4x 6 mm {x 3x 3 mm 
10 x 4 « 6 mm 5x 3 3 mm 
10x 4* 6 mm 5 3 mm 


At the end of 30 days all the experimental mice showed ulceration and necrosis, 
while ulceration had not yet occurred in any of the controls. 
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Discussion 


In order to inhibit the transplanted tumour, the intensity had to 
be so high that simultaneous damage of the surrounding tissue included 
in the irradiated area could not be avoided. There is accordingly no 
question of a really selective effect, although the neoplastic tissue is 
apparently more sensitive to ultrasonic waves than normal tissue. At 
any rate, the therapeutic interval in these experiments proved to be 
so slight that practical application is not possible in cases where the 
ratio between the sensibility of the tumour and the normal tissue is 
like that in the present experiments. This need not, however, always 
be the case. 

The present experiments do not answer the question whether the 
destructive or inhibitory effect of ultrasonics on neoplastic tissue is 
exclusively due to a thermal action. As apparent from Table 1, a quite 
considerable increase in temperature takes place in the tissues during 
irradiation with such high intensities. Comparing the results with those 
obtained by OVERGAARD in diathermy and short-wave therapy of similar 
transplantable tumours in mouse tails, we find a rather marked con- 
formity in the gross reaction of the tumours to the treatment as well 
as in the therapeutic results and the tissue temperatures obtained during 
treatment. 

In certain respects, however, the results differ from those of diathermy 
and short-wave therapy. As already mentioned, histologic examination 
following ultrasonic therapy showed a heterogeneous distribution of the 
destructive processes. This is only what had to be expected considering 
the structure of the organisms which from a sonic point of view is an 
extremely heterogeneous medium for ultrasonic irradiation. For example, 
it is wellknown that a particularly marked accumulation of energy will 
take place at the transition between bones and soft parts owing to a 
reflection of part of the ultrasonic energy from the bony tissue. Similarly, 
connective tissue fascia will to a smaller extent it is true — reflect 
the ultrasonic waves. 

Possibly the same deliberations apply also to cellular membranes, 
the transition between cytoplasm and nucleus or that between chromo- 
somes and the surrounding part of the nucleus. 

It is difficult to rule out the possibility of a mechanical action (cavita- 
tion) but on the other hand the present experiments do not afford 
definite proof. 

The important rdle played by the thermal component will be seen 
among other things from the considerably more marked histologic changes 
in the central than in the peripheral parts of the tumour where — owing 
to the surrounding water — (25° C) the temperature is essentially lower. 
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The biopositive effect of ultrasonics has been described int. al. by 
BespL and by Worser & Ascue. Irradiating frog’s eggs with a low 
intensity, they induced an increase in the growth of the larvae as com- 
pared with a control material. An increase in the growth of malignant 
tumours induced by ultrasonic irradiation has been reported by Bartu 
& WacHSMANN and by Horartz. The literature does not appear to have 
advanced any plausible explanation of this phenomenon. BEJDL mentions 
alterations in the concentration potentials regulating the cellular metab- 
olism and WorEBER & AscHE the action on the protein and nucleic 
acid metabolism in the cellular nuclei owing to enzymatic changes. 

It seems reasonable to assume that the marked hyper« mia — arising 
during treatment and persisting for hours or even a few days after its 


discontinuation — has an essential share in the rapid growth of the 
tumour — be this a mechanical, thermal, or chemical phenomenon. 


Considering the slight interval between the tumour-accelerating and 
the tumour-destructive dosage shown by the present experiments, we 
have not felt justified in trying ultrasonics in human cancer therapy, 
but continued experiments w ith other tumours in mice are in progress. 
Experiments with a squamous-cell carcinoma, however, appear to show 
exactly the same response as mammary cancer. 


Ultrasonic irradiation of mammary carcinomas transplanted to mouse tails were 
carried out under water with a frequency of 800 ke/sec. and intensities ranging from 


2.0 to 15 watts/sq.cm. At low intensities the growth of the tumours remained unaffected. 
Intensities of 6.0—8.5 watts/sq.ecm showed an unmistakable accelerating effect, while 
at 10—15 watts/sq.cm an inhibitory to destructive effect was apparent. Histologic 
examinations revealed the most marked changes to be in the central area of the tumour: 
the thermal action appears to decide the degree of tissue damage. The difference between 
the sensitivity of tumour tissue and normal tissue to ultrasonic irrediation proved to 
be slight. A complete cure of the transplanted tumours was only obtained in a few cases 
and only at the cost of severe damage of the surrounding normal tissue. 


ZUSAMMENFASSUNG 


Ultraschallbehandlung von auf Mauseschwinze transplantierten Mammakarzinomen 
wurden unter Wasser mit einer Frequenz von 800 kHz und Intensitaten zwischen 
2.0 und 15 Watt/qem ausgefiihrt. Bei niedrigen Intensitaéten blieb das Tumorwachstum 
unbeeinflusst. Intensitaten von 6.0—8.5 Watt/qcem zeigten einen unverkennbaren beschleu- 
nigenden Effekt, wihrend bei 1O—15 Watt/qem ein hemmender bis zerstérender Effekt 
auftrat. Histologische Untersuchungen zeigten, dass die starksten Verinderungen in dem 
zentralen Gebiet des Tumors auftraten; die Wairmewirkung scheint den Grad der Gewe- 
beschadigung zu bestimmen. Der Unterschied in der Empfindlichkeit von Tumorgewebe 
und normalem Gewebe fiir Ultrabeschallung erwies sich als gering. Véllige Heilung der 
transplantierten Tumoren wurde nur in wenigen Fallen erreicht und nur auf Kosten 
ernster Schidigung des angrenzenden gesunden Gewebes. 


da 
pa 
Li 
fai 
et 
B 
B 
B 
| 
SUMMARY 
I 
| 

} ( 


EFFECT OF ULTRASONIC IRRADIATION 465 


RESUME 


Des cancers du sein greffés sur la queue de la souris ont été irradiés par les ultra-sons 
dans l'eau, avec une fréquence de 800 ke/sec. et des intensités allant de 2.0 4 15 watts/cm?. 
Aux faibles intensités la croissance des tumeurs n’est pas modifiée. Les intensités de 
6.0 & 8.5 watts/cm? l’accélérent incontestablement, alors qu’avec 10 & 15 watts/cm* ap- 
parait un effet d’inhibition ou de destruction. 

Les examens histologiques ont montré que les effets les plus marqués siégent au 
centre de la tumeur; l’action thermique semble déterminer le degré des lésions tissulaires. 
La différence de sensibilité des tissus tumoraux et des tissus normaux s’est montrée 
faible. La guérison compléte des tumeurs greffées n’a été obtenue que dans quelques cas 
et seulement au prix de graves lésions des tissus normaux environnants. 
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DU CENTRE ANTI-CANCEREUX DE L'UNIVERSITE DE LIEGE, BELGIQUE 


DESCRIPTION DUN APPAREIL 
DE TELECURIETHERAPIE ROTATOIRE 
par 
P. Desaive, P. Lucas et P. de Lattre 


La construction d’un appareil de télécuriethérapie rotatoire exige le 
respect d’un certain nombre de conditions, liées 4 la nature de la source 
utilisée, & la forme de l'appareil de soutien et au type de mouvement 
imposé & cet appareil. 

Envisageons successivement ces trois ordres de conditions: 


a) La source radifére 


Lorsque, il y a sept ans, nous avons entrepris nos premiéres études 
sur la télécuriethérapie rotatoire, nous pensions utiliser le radium comme 
source radifére; mais la difficulté de réunir, de préparer, de conditionner 
et de mettre en place les quantités énormes (de |’ordre de 400 grammes) 
de cet élément, nécessaires pour assurer un débit raisonnable en rayons 
gamma, a une distance focale comparable 4 celle que permet une puis- 
sante installation de réntgenthérapie, nous a fait renoncer a l’emploi 
de ce métal; & regret d’ailleurs, car il nous eut été agréable de donner 
une possibilité thérapeutique nouvelle & un radio-élément qui, grace a 
lextréme générosité de Union Miniére du Haut Katanga et de son 
chef, Monsieur Robillard, & la compétence toute particuliére de son 
personnel et plus spécialement de notre excellent conseiller Monsieur 
André, et a l’action remarquable du Fonds National Belge de la Re- 
cherche Scientifique, joue en Belgique un réle si important dans le 
traitement des cancers. 

Au cours des derniéres années, de trés intéressants travaux physiques 
et radiobiologiques dis & Myers; & MITCHELL; & CoLIEz; & MAYNEORD; 
a GRIMMETT et SPEAR; & WILSON, PERRY et SpreRs; & LEA; & MILLER; 


Soumis & la Réd. le 3 Septembre, 1953. 
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‘ 


i) FREUNDLICH et collaborateurs; & MEREWETHER, OSBORN et WyYARD; 
SmirH; & JoHNs, FepDoRUK et coll.; Dixon, et Morrison; 
JAPHA et & d’autres encore que nous nous excusons de ne pas citer, il est 
apparu que le radium pouvait étre remplacé par un certain nombre de 
produits de fission, comme le Cesium Cs"™’, ou de radio-éléments arti- 
ficiels, tels que Iridium 192 ou le Cobalt Co. Ce dernier semble offrir 
le maximum d’avantages en raison de son prix relativement modique, 
de ses commodités d’extraction et de purification, de ses propriétés 
magnétiques — qui en facilitent la manipulation — de l’aisance avec 
laquelle une pile atomique peut lui conférer une activité spécifique 
convenable, des types # et y des radiations qu'il émet, de l’énergie 
élevée de ses émissions y (1.1 et 1.3 M. e. v., correspondant 4 une courbe 
de demi-absorption de 10.4 mm. de plomb) et enfin de la longueur rela- 
tive de sa période (5.3 années). 

Nous avons donc fixé notre choix sur le radio-cobalt et nous dispo- 
serons bient6t, grace l’obligeance de Atomic Energy Commission des 
Etats-Unis et a lintervention financiére de |’Institut Interuniversitaire 
Belge des Sciences Nucléaires, d’une source de 250 curies de Co, équi- 
valent a environ 410 grammes de radium-élément et fournissant, a 
50 cm. de distance focale, un débit d’environ 20 r/minute avec un 
rendement en profondeur de + 65 % a 20 cm. 


b) L’appareil de soutien 


L’importante couverture de protection qu’exige la forte charge de 
Co® utilisée, nécessite un dispositif de soutien particuliérement solide 
et stable. Dans un premier projet, nous avions préconisé un dispositif 
en forme de balancier, dont les extrémités étaient occupées par deux 
bombes de méme poids, l'une postiche servant de contrepoids, l'autre 
réelle contenant la charge. 

Pour des raisons de sécurité, nous avons finalement adopté un systéme 
constitué par un berceau mobile sur galets, qui a été construit par les 
Ateliers de la Meuse & Sclessin (sous la direction de Monsieur P. Lucas, 
d’aprés les dessins de MM. Donnay et de Lattre et avec la collaboration 
de MM. Govaerts et Thiry). 


c) Type de mouvement 


La puissance élevée des bombes a Co, puissance qui assimile ces 
dispositifs aux meilleures installations existantes de réntgenthérapie, les 
rend particuliérement aptes a la thérapie de mouvement, quel que soit 
le mode — pendulaire, rotatoire ou convergent — adopté pour le deé- 
placement. 
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Contrepoids 


Fin de course 
réglable 
droite 


Fin de course 
réglable 
gauche 


Bombe au Co* 


Fig. 1. Vue d’ensemble. 


La bombe au Co”, animée d’un mouvement rotatoire autour du 
patient couché dans l’axe de la rotation, fait bénéficier ce malade des 
trois avantages suivants: limitation parfaite et grande homogénéité 
du flux radiant, protection relative des téguments grace a la faible 
densité ionique présente dans les premiéres couches tissulaires traversées, 
et économie des systémes hémato-poiétiques par la réduction apportée 
a la dose intégrale. 

Voici la description sommaire de l'appareil de télécuriethérapie rota- 
toire au Co® actuellement installé au Centre Anticancéreux de lUni- 
versité de Liége: La source de rayons y est montée dans un ensemble 
mécanique qui permet le balancement régulier de lirradiateur 4 une 
distance — variable ou fixe — du foyer tumeur (fig. 1). 

Le traitement peut s’effectuer sous toutes les valeurs de balayage 
radial comprises entre 180° et 10’ d’angle, par exemple; la rotation 
continue est aisément réalisable, mais ne sera mise en oeuvre que plus 
tard. 

Le centrage du rayonnement sur la tumeur, localis¢ée par radioscopie 
ou par tout autre procédé, se fait et se contrdéle par deux projecteurs 
lumineux orthogonaux, montés sur le berceau. 

La vitesse de déplacement de la source est variable dans de larges 
limites et peut étre modifié au cours de fonctionnement, car le mouve- 
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Interrupteur général 


Localisateurs 
lumineux 


Réglage de vitesse 


Réglage de vitesse 
en marche avant 


en marche arriére 


Mise sous tension 
des thyratrons 


Fig. 2. Excitatrice électronique pour groupe Ward-Leonard. 


ment de rotation de l'appareil est contrdlé par un moteur 4 vitesse 
continuellement variable, commandé par thyratrons (fig. 2). 

La distance focale d irradiation est réglée & volonté par modification 
de la position de la source, contenue dans une bombe, mobile suivant 
un rayon de l'appareil. Des moteurs électriques synchronisés assurent 
le déplacement réciproque de la source et d’un contrepoids équivalent, 
afin de respecter l’équilibre massique de l’ensemble. 

Pour réaliser l’irradiation précise de la tumeur, et éviter la dispersion 
des rayons, diverses innovations ont été réunies dans le nouveau modéle 
de bombe spécialement destiné a lusage d’une source puissante au 
radio-cobalt (fig. 3). 

Le guide combiné qui définit les limites du rayonnement assure un 
champ d’entrée presque sans pénombre: divers champs sont réalisables: 
40 x 60 mm. ou 40 x 100 mm par exemple. 

Le générateur lui-méme est formé d’un ensemble de sources ponctuelles 
réunies pour donner une source équivalente de section plane rectangulaire. 
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Source au Position d’inactivité 


\ 


™ 
/ 
+ 
—— 
i RAYS ROTATIONAL THERAPY UNIT 


Fig 3. Schéma de lirradiateur au Co*®. 


Le support est disposé de facon & escamoter instantanément la source 
dans un logement approprié sous l'action d'une commande électrique 
a distance. 

La protection est assurée par une parol de plomb et d’acier dont 
lépaisseur minimum est de 23 cm.; cette protection a été calculée de 
maniére & nous autoriser a envisager un enrichissement ultérieur de 
notre source d'énergie gamma. 


RESUME 


Dans le but de réaliser un appareil rotatoire de télécuriethérapie, les auteurs ont 
monté une source puissamment protégée de Co® sur un berceau mobile, permettant 
d'effectuer toutes les valeurs du balayage radial. entre 180° et 10° d’angle, en attendant 
la réalisation aisée d’ailleurs de_ la rotation continue. Des dispositions ont été prises 
pour assurer une mise au point facile de la tumeur, le déplacement de la source pour per- 
mettre une variation de la distance focale, |'établissement d'un champ sans pénombre 
et la protection intégrale du malade et du personnel. 
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SUMMARY 


\iming at the realisation of rotational radium beam therapy, the authors have 
mounted a well-protected Co® source on a mobile pendulum permitting of radial move- 
ments between 10° and 180°. pending the construction of a full rotational apparatus 
which should not prove too difficult. The apparatus allows beam direction of the tumour, 
varying focus—skin distance, a well-defined treatment field without penumbra, and 
complete protection of the patient and personnel. 


ZUSAMMENFASSUNG 


In der Absicht die Radiumrotationsbestrahlung zu verwirklichen, haben die Ver- 
fasser eine gut strahlengeschiitzte Co® Quelle auf ein bewegliches Pendel montiert, 
das radiale Bewegungen zwischen 10° und 180° erlaubt: dieses geschah in Erwartung der 
Konstruktion eines voll rotierenden Apparates, welches sich als nicht zu schwierig er- 
weisen diirfte. Der Apparat bietet genaue Einstellung (beam direction) des Tumors, 
Variation des Fokus-Filmabstandes, ein gut definiertes Behandlungsfeld ohne Halb- 
schatten und vdlligen Strahlenschutz des Patienten sowie des Personals. 
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FROM KING GUSTAF V JUBILEE CLINIC (DIRECTOR: B. EBEN US) AND THE RADIA- 
TION PHYSICS DEPARTMENT, UNIVERSITY OF LUND (DIRECTOR: K, LIDEN), LUND, 
SWEDEN 


DEPTH DOSE MEASUREMENTS IN HUMAN 
BRAIN TISSUE 
by 


J. Cederlund, K. Lidén and M. Lindgren 


At King Gustaf V Jubilee Clinic, Lund, special interest is taken in 
the roentgen treatment of brain tumours. Calculation of the tumour 
dose is performed by means of standard tables based on depth dose meas- 
urements in a large volume of muscle-equivalent material, usually 
water. This calculation requires among other things that the absorption 
coefficient of brain tissue and water should be very nearly equal and the 
effect of the bone be considered. The latter effect has been thoroughly 
studied by F. W. Sprers (1946, 1949). The only data on absorption 
coefficients of brain tissue seem to be those given in a diagram by F. 
WACHSMANN (1949) and K. T. VETTERLEIN (1949) and reprinted in cer- 
tain textbooks. According to this diagram brain tissue has an absorption 
coefficient between bone and water. For instance, for roentgen rays 
with a H. V. L. of 1.0 mm Cu the absorption coefficient of brain tissue 
is stated to be 50 ©, greater than that of water. This effect, if true, would 
require consideration in any irradiation of brain tissue. 

Fig. 1 illustrates schematically how the depth dose curve should 
be influenced by this increased absorption. In order to make this effect 
clear the roentgen beam is assumed to pass first through a water layer 
and then through brain tissue. Curve A shows how the roentgen dose 
decreases in water according to standard tables. Curve B shows how the 
roentgen dose should decrease if the greater absorption of brain tissue 
according to VETTERLEIN were considered. Curve C represents the rela- 
tive energy dose, which is more interesting from a biologic point of view. 
In water the curves for the relative energy dose and the roentgen dose 
practically coincides, because one gram of water absorbs practically 
the same amount of energy as one gram of air. According to VETTERLEIN 
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the energy absorbed per roent- 
gen in brain tissue is 50 % 
greater (H.V.L. 1 mm Cun), 
which increases the energy dose 
by a factor 1.5. The energy 
dose decreases more rapidly 
than it would have done in 
water. In a clinical case this 
would mean that the superficial 
parts of the brain would re- 
ceive a greater energy dose than 
expected from standard tables, 
while greater depths would re- 
; a smaller dose. Clinical 
Deoth em experience indicates that this 
Fig. 1. Percentage depth doses for zero-field. result cannot be true. By the 
H.V.L. 1.0 mm Cu; F.S. D. 80 em. A stan- technique used at Lund (Linp- 
dard tables. B hypothetic brain tissue. 
(’ energy absorption in the hypothetic brain — 1953) — would Cxpocs 
ieee. radiation damage in the over- 
lapping regions of the super- 
ficial parts of the brain, even when allowance is made for absorption in 
the intervening bone. 

The authors then considered it desirable to investigate by direct 
measurements any possible difference between brain tissue and water 
in regard to absorption. As energy dose measurements are difficult to 
perform, direct depth dose measurements were made in brain tissue. 
A whole brain was placed in a plastic box with a wall thickness of 2 mm 
and of about the same volume as the brain. Measurements were made 
with two energy independent ionisation chambers using one as a moni- 
tor. With a 300 kV apparatus observations were made for several radia- 
tion qualities. In order to make a direct comparison between brain tissue 
and water the measurements were reproduced with the same experimen- 
tal conditions but with water in place of brain tissue. 

The first brain investigated had been fixed in formalin. As the result 
did not show any appreciable difference between water and brain, the 
observations were repeated with two fresh brains. Even for the softest 
radiation quality and at the greatest depth there was still no experi- 
mentally verified difference in the depth dose for water and brain tissue. 
The result of the measurements are given in Table 1. 

The depth dose values as calculated from standard tables (ALLSOPP 
1953) are given for each quality except H. V. L. = 0.29 mm Cu, where 
no reliable data are available. The difference between the measured and 
calculated depth doses in water at larger H. V. L. is probably a result 
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Table 1 
Central axis depth dose data of brain tissue and water. F. S. D. 40 cm. Field area 30 cm? 


H. V. L. 0.16 mm Cu 0.29 0.88 2.9 
Depth Brain Water Brain Water Brain Water Brain Water 
em exp. exp. cale. exp. exp. cale.! exp. exp. cale. exp. exp. calc. 
2 73.5 76.0 72 79.2 80.6 83.8 85.2 85.3 84.0 85.2 86.2 
} 45.6 465.9 48 52.8 53.4 60.0 60.8 63.1 63.2 63.2 66.0 
6 28.2 29.2 30 $4.4 35.0 42.4 42.8 45.0 45.1 45.7 48.8 
8 17.4 18.2 19 22.4 , 23.0 29.0 ' 30.2 31.7 | 31.9; 33.1 35.7 
10 10.7 11.3 12 14.6 | 15.1 19.7 20.4 24.6 | 22.6 23.9 26.0 


1 No reliable data available. 


of the small phantom (2.5 litres) used in the measurements, producing 
a reduction in the scattered radiation. 

The results of the measurements are incompatible with VETTERLEIN’S 
diagram. 

A thorough perusal of VETTERLEIN’s paper disclosed that by the 
calculation of the chemical composition of the brain the employed 
tables have been misinterpreted resulting in too high an estimation of 
the atomic number of brain tissue, 10.9. 

The available information concerning the chemical composition of 
the brain varies within quite large limits (BRANTE 1949; THORPE 1952; 
FoRBES et al. 1953). However, the effective atomic number calculated 
from these data does not differ very much, as is demonstrated in Table 2 
for grey and white brain tissue. 


Table 2 


Effective 


Water Lipids Proteins Ash ' 

number 
Grey brain tissue ........ 84 7 8 1.0 7.53 
White brain tissue ....... 71 18 9 1.3 7.45 
100 0 0 0 7.42 


From Table 2 it is clear that human brain tissue and water have 
practically the same effective atomic number. 

In connection with the depth dose measurements of brain tissue some 
observations of the effect of the bone were also made. For a bone thick- 
ness of 0.5 cm the depth doses are reduced by a factor 0.91 in the region 
2—10 cm (H. V. L. 0.88 mm Cu, F. S. D. 50 cm and field area 30 cm?). 
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Conclusions 


A. Depth dose measurements in brain tissue give, within the limits 
of error, the same result as in water. 

B. The calculated effective atomic number of brain tissue, 7.5 + 0.1 
shows that it is very nearly the same as for water. 

C. Provided that proper corrections are made for the absorption 
of the bone and for the effect of the small volume of the skull, standard 
tables can be used for dose calculations in treating brain tumours. 


SUMMARY 


Depth dose measurements in brain tissue and calculation of its effective atomic 
number gave within the limits of error the same result as for water. Provided that proper 
corrections are made for the absorption of the bone and for the effect of the small volume 
of the skull, standard depth dose tables can be used for dose calculations of the brain. 
This would not have been possible if the diagram of the absorption in brain tissue 
published by WACHSMANN-VETTERLEIN (1949) had been correct. Their value of the effec- 
tive atomic number of brain tissue, 10.9, is erroneously calculated. The present investiga- 
tion has given the value 7.5 + 0.1. 


ZUSAMMENFASSUNG 


Tiefendosismessungen im Gehirn und die Berechnung der effektiven Atomnummer 
des Hirngewebes gaben innerhalb der Fehlgrenzen das gleiche Resultat wie fiir Wasser. 
Vorausgesetzt, dass Korrektionen fiir die Knochenabsorption und fiir den Einfluss des 
verhaltnismassig kleinen Hirnvolumens gemacht werden, kannen gewodhnliche Tiefen- 
dosistabellen zur Dosisberechnung im Gehirn benutzt werden. Dieses ware nicht méglich 


gewesen, wenn das Diagramm iiber die Absorption im Gehirn von WACHSMANN- 
VETTERLEIN (1949) verdffentlicht korrekt ware. Der von ihnen angegebene Wert fiir 
die effektive Atomnummer des Hirngewebes 10.9 — ist jedoch falsch berechnet. Die 


vorliegende Untersuchung hat einen Wert von 7.5 0.1 ergeben. 


RESUME 


Les mesures des doses en profondeur dans le tissu cérébral et |'¢valuation de son 
nombre atomique effectif ont donné les mémes résultats que pour l'eau. dans les limites 
d’erreurs. A supposer que des corrections nécessaires soient faites pour ‘absorption dans 
l’os et pour l’influence du volume relativement médiocre du crane, les tableaux ordinaires 
de doses en profondeur peuvent étre utilisés pour le calcul des doses dans le cerveau. 
Ceci n’etit pas été possible si le diagramme de l'absorption dans le tissu cérébral, établi 
par WACHSMANN-VETTERLEIN (1949), avait été exact. Leur valeur en ce qui concerne 
le nombre atomique effectif du tissu cérébral (10.9) est entachée d’erreurs. Les présentes 
investigations donnent la valeur 7.5 + 0.1. 
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Ten Levers FROM N.estvED IN DENMARK. A Stupy OF SKELETONS FROM A MEDIEVAL 
Danish Leper Hosprtat. By Wilhelm Moéller-Christensen. Danish Science Press 
Ltd, Copenhagen 1953. 160 pp. 119 ill. 


The work consists of a detailed study of skeletons from a medieval Danish leper 
hospital. The first chapter gives a survey of the various forms of leprosy together with 
the hitherto recognized leprous bone changes. Chapter II presents an account of the 
situation of the leper churchyard and of its excavation while Chapters III and IV deal 
with the careful examination of ten lepers from Nwstved. The author considers that 
he has observed a change not previously described, which he calls facies leprosa and 
consisting of ‘‘a skull with atrophy of the anterior nasal spine — either alone or com- 
bined with central atrophy of the maxillary alveolar process’. This atrophy, according 
to the author, is due to specific leprous bone absorption not dependent upon the presence 
of paradentitis. The author has also roentgenologically examined 7 of the lepers in the 
Asylum for Lepers at Bergen, Norway, and has been able to demonstrate various degrees 
of facies leprosa in 5 of the cases. He therefore also calls the sign the ’Bergen sign’. 
Paleopathology is naturally a pathology of bone and consequently has little possibility 
of furnishing information on the pathogeneses of bone changes. On the one hand, specific 
leprous periostitis and osteomyelitis and on the other, changes due to mixed infection, 
occur in leprosy. The latter may be more or less marked and even totally preponderant. 
Whether facies leprosa is a specific leprous change would consequently be probably 
some what uncertain if based on the paleopathologic material alone but undeniably 
receives strong support from the investigations in Bergen. (The material in Nestved 
is such that tuberculosis and lues are excluded.) 

What by WELCKER was called the cribra orbitalia is termed the usura orbitae by 
the author and is considered to be due in all probability to a periosteal reaction following 
temporary or permanent pressure exerted by an enlarged lacrimal gland and thus be 
a special form of pressure atrophy. In the whole Nwstved material the usura orbitae 
appears in about 48 °% of cases. The author has however not been able to discover that 
affections of the lacrimal glands occur particularly often in lepers. Still, it should be 
clear from the finding by the author of a different frequency of occurrence of the cribra 
orbitalia in two anthropologically homogeneous materials, that what has been previously 
written in the anatomic literature about this matter can hardly be correct. 

Lindgr 


SECTIONAL RADIOGRAPHY OF THE CHEsT. By Irving J. Kane. Foreword by Edward D. 
Churchill. 154 pp., 101 illustrations and 180 references. Springer Publishing Com- 
pany, Inc., New York 1953. s 3. 


The book is introduced by a chapter on the basic principles of planigraphy. The 
author points out the importance even in planigraphy of employing the least possible 
distance between the object and film, a fairly large distance between the focus and film 
and a section not thicker than 2 to 3 mm. He uses 10 to 20 mAs and 60 to 90 kV in 
planigraphy of the lungs. Furthermore, he considers it necessary if possible always to 
include both lungs in frontal plane views and not merely show parts; he has found that 
changes due to disease not infrequently may thus be observed in the fields, which, in 
the routine films, appear normal. He also recommends that planigraphy should be 
carried out in oblique and lateral projections. The author then goes through the normal 
appearances of the lungs and mediastinum in planigraphy. A number of changes in 
the mediastinum and lungs due to disease are dealt with in 10 pages. 
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The illustrative matter is copious and accompanying legends exhaustive. The author 
makes the great mistake, however, of comparing routine films which are often under- 
exposed with well-penetrated planigrams. There is no doubt that in many cases plani- 
graphy furnishes information over and beyond that obtainable from the ordinary roentgen 
examination. In order to obtain some idea as to what extent this occurs, planigraphy 
should however be compared with a complete roentgen examination including not only 
views in various projections but films which have been well penetrated. 

Bengt S. Holmgren. 


STAUBLUNGEN IM RO6ONTGENBILD. RADIOLOGICAL ATLAS OF THE PNEUMOCONIOSES. 
(\TLAS RADIOGRAPHIQUE DES PNEUMOCONTIOSES. By Otto Zorn and Giinther Worth. 
303 pages, 167 illustrations. Staufen-Verlag, Kéln 1952. DM 68.50. 


This book constitutes the most comprehensive survey of the varied appearances of 
pneumoconiosis that the reviewer has ever read. As the title indicates, it is in the form of 
an atlas and as such mainly consists of reproductions of typical roentgenograms. At the 
same time, the volume contains an extensive text of concentrated and complete descrij- 
tions of the various types of pneumoconiosis and the conditions under which they arise. 
Every reproduction bears a detailed legend giving the occupational history, the clinical 
and roentgenologic signs and, where possible, the pathologic anatomy. The text is in Ger- 
man, English and French. Firstly, typical silicosis in coalminers of the Ruhr and its 
classification according to the German system is dealt with and followed by typical 
silicosis of South Wales coalminers. Cases of atypical silicosis in Ruhr coalminers preceed 
a presentation of all the variations of the roentgen signs in workmen in different oceupa- 
tions: quarry workers, ore miners, sandblasters, porcelain workers and so on. The illustra- 
tive material is derived from Germany and England as well as from Switzerland, Belgium 
and South Africa. In one chapter, a summary of the value of special methods of investiga- 
tion such as tomography, bronchography, angiocardiography and selective angiography 
are given. Finally, the difficulties of the differential diagnosis of a number of conditions 
which may simulate pneumoconiosis: tuberculosis, honeycombe lung, Boeck’s sarcoidosis 
and many others, are discussed. 

In connection with the description of pneumoconiosis in South Wales coalworkers, 
C. M. FLetcuer presents the International classification on pneumoconiosis. This classifi- 
cation which was agreed to at the Conference of Experts on Pneumoconiosis in Sydney in 
1952 is based almost entirely upon roentgen signs in coalworkers and gives a fairly correct 
picture of this form of pneumoconiosis. On the other hand, it appears doubtful to the 
reviewer whether it can be applicable to every kind of pneumoconiosis. The book under 
discussion with all its examples of the varied appearances of pneumoconiosis, entirely 
agreeing with experiences in the Swedish industries, appears rather to constitute an ar- 
gument against the general suitability of this classification. 

The book has appeared in honour of the seventieth birthday of Professor V. Reicx- 
MAN. It would be hard to conceive a more beautiful tribute to this pioneer in research 
in pneumoconiosis. It may be recommended to all those interested in the roentgen diag- 
nosis of this pulmonary condition. 

Gunnar Jénsson. 


THE BREAST IN ROENTGEN DIAGNOsiIS. By Raul A. Leborgne. 194 pages, 307 illustra- 
tions. Impresora Uruguaya 8. A., Montevideo, 1953. 
In several earlier papers the author has dealt with the roentgen diagnosis of lesions 
of the breast. This book is a survey of the results of his investigations. It consists of a 
description of the roentgenologic technique, with and without the use of contrast media, 
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the radiologic anatomy, the roentgenologic changes in carcinoma of different types, fibro- 
cystic mastopathy, fibroadenoma, mastitis and several other less common conditions, 
The author probably knows more about this subject than anyone. The illustrations are 
very good. The book is recommended to all seeking information concerning this field of 
roentgen diagnosis. 


Erik Lindgren. 


TRAITE TECHNIQUE DE TOMOGRAPHIE OSSEUSE. Par Robert Herdner. Masson. Paris. 
1954. Price: unbound 4,000 frs., bound 4,600 frs. 


The technique of tomography of the skeleton demands careful planning. The orienta- 
tion of the section must be settled with regard to the anatomic detail which is to be dem- 
onstrated. Thus, the examination cannot be based upon a few standardised sections 
but must be carried out with due consideration to the anatomy and investigational 
demands of each individual case. It is primarily through such a procedure that the 
method will be correctly applied. Like a red thread throughout Herdner’s work runs the 
emphasis of how essential it is first to determine accurately the anatomic structure which 
is to be examined and then to choose the orientation of the section by suitable positioning 
of the patient. Thorough knowledge of the anatomy as well as careful attention to the 
adjustment of the part to be examined constitute the pre-requisites for an optimum 
result. 

In compiling this technical handbook as a guide to the method of tomography of 
the skeleton, Herdner has laid a solid groundwork for its correct employment. The cranium 
is dealt with in 200 pages and the spinal column in 50 pages. The illustrative material 
which includes 330 tomograms and schematic drawings is first class. 

The special part is preceded by a general part in which the principles and general 
technique of tomography are analysed in an interesting manner. 

The work is based upon ten years’ experience. Herdner has refrained from syste- 
matically comparing the value of tomography with that of the standard method and has 
not yielded to the temptation of being prejudiced by the tomographic method. He has 
confined himself to showing how the tomographic investigation should be modelled upon 
a sound scientific basis. 

Folke Knutsson. 


Excerpta Mepica, Cancer Section (Sectioy XVI). Subscription rate per volume 
(12 monthly issues). $ 10.— (Volume I—Ju'y—December 1953 s 5.—). 


In July 1953 a new section of Excerpta Medica devoted entirely to cancer appeared. 
An abstract journal covering this and related fields has been needed for many years, 
almost every phase of medical, biologic, chemical and many other sciences nowadays 
being focused on the problem of cancer. 

Thanks to generous grants from the American Cancer Society Inc. and the National 
Cancer Institute of the United States it has now become possible for the Editor of Ex- 
cerpta Medica to commence publication of this new section No. XVI. 

The members of the Editorial Board and the well-known co-operators guarantee this 
important abstract journal outstanding success. The first issue gives the reader a very 
good review of experimental research, diagnostics, treatment etc. This new contribution 
to medical literature will be of great value to all working in the fild of this disease. 


Sren Hultberq. 


